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ABSTRACT 
T h i s  s t u d y  a d d r e s s e s  t h e  p r o b l e m s  e n c o u n t e r e d  w i t h  
g e o t h e r m a l  d r i l l i n g  f l u i d s .  A r e a s  o f  r e s e a r c h  c o n s i d e r e d  
a i n  t h i s  w o r k  i n c l u d e  t h e  s u b s t i t u t i o n  o f  a l t e r n a t e  m a t e r i a l s  
f o r  s o d i u m  b e n t o n i t e ,  t h e  u s e  o f  n o v e l  f i l t r a t i o n  c o n t r o l  
a d d i t i v e s ,  a n d  n o v e l  a p p r o a c h e s  t o  k e e p i n g  g e o t h e r m a l  muds 
f r o m  s o l i d i f y i n g  a t  h i g h  t e m p e r a t u r e s .  A mud f o r m u l a t i o n  




S U M M A R Y  
An i m p r o v e d  g e o t h e r m a l  d r i l l i n g  f l u i d  was d e v e l o p e d  
as a r e s u l t  o f  t h i s  s t u d y .  The mud c a n  b e  p r e p a r e d  w i t h  
c o n v e n t i o n a l  e q u i p m e n t  f r o m  p r o d u c t s  w h i c h  a r e  c o m m e r c i a l l y  
a v a i l a b l e .  S e l l i n g  p r i c e  o f  t h e  mud, e s t i m a t e d  a t  $ 1 3 . 0 0 / b b l ,  
i s  a b o u t  t h e  same as t h a t  o f  muds s o l d  b y  m a j o r  mud s u p p l i e r s  
f o r  u s e  a t  h i g h  t e m p e r a t u r e s .  The n o v e l  mud h a s  e x c e l l e n t  
p r o p e r t i e s  when p r e p a r e d  a t  room t e m p e r a t u r e  and r e t a i n s  
t h e s e  p r o p e r t i e s  a f t e r  s t a t i c  a g i n g  a t  5 0 O o F .  C o m p o s i t i o n  
o f  t h e  n o v e l  mud s y s t e m  i s  as f o l l o w s :  
W a t e r  1 . 0  b b l  
S e p i o l  i t e  1 5 . 0  l b  
B e n t o n i t e  5 . 0  l b  
Brown C o a l  2 0 . 0  l b  
Sod ium P o l y a c r y l a t e  2 . 5  l b  
Sod ium H y d r o x i d e  2 . 0  l b  
P r o b l e m s  a s s o c i a t e d  w i t h  g e o t h e r m a l  d r i l l i n g  f l u i d s  a r e  
n o r m a l l y  r e l a t e d  t o  t h e  e f f e c t s  o f  t e m p e r a t u r e s  o n  t h e  
v a r i o u s  c o n s t i t u e n t s  o f  t h e  f l u i d s .  H i g h  t e m p e r a t u r e s  c a u s e  
t h e  b e n t o n i t e  c o n t a i n e d  i n  d r i l l i n g  muds w h i c h  w e r e  s t a b i l i z e d  
a t  m o d e r a t e  t e m p e r a t u r e s  t o  u n d e r g o  f u r t h e r  h y d r a t i o n  t h u s  
m a k i n g  t h e  f l u i d  t h i c k e r .  I n  many c a s e s  t h e  mud s o l i d i f i e s  
a t  e l e v a t e d  t e m p e r a t u r e s .  . O r g a n i c  m a t e r i a l s  u s e d  as t h i n n e r s  
o r  a s  f i l t r a t i o n  c o n t r o l  a d d i t i v e s  i n  muds d e g r a d e  a t  e l e v a t e d  
t e m p e r a t u r e s  a n d  l o s e  t h e i r  e f f e c t i v e n e s s .  T h i c k e n i n g  o c c u r s  
w i t h  t h e  l o s s  o f  t h e  o r g a n i c  t h i n n e r s  f o r  t w o  r e a s o n s :  
1 .  The o r i g i n a l  m a t e r i a l  i s  n o  l o n g e r  a v a i l a b l e  
t o  f u n c t i o n  as a t h i n n e r ;  
2 .  The b r e a k d o w n  p r o d u c t s  a r e  a c i d i c .  
I 
S e v e r a l  a p p r o a c h e s  w e r e  c o n s i d e r e d  i n  t h i s  s t u d y  
i n c l u d i n g  t h e  e l i m i n a t i o n  o f  b e n t o n i t e ,  a r e d u c t i o n  i n  t h e  
a m o u n t  o f  b e n t o n i t e  u s e d ,  a n d  p r e h e a t i n g  o f  t h e  b e n t o n i t e .  
M a t e r i a l s  t e s t e d  i n c l u d e d  t w o  s y n t h e t i c  c l a y s ,  s e p i o l i t e ,  
a s b e s t o s ,  a t t a p u l g i t e ,  b e n t o n i t e  p r e h e a t e d  i n  a i r  o r  i n  
n i t r o g e n  a n d  p r e h e a t e d  b e n t o n i t e  s l u r r i e s .  O t h e r  m a t e r i a l s  
w h i c h  w e r e  c o n s i d e r e d  b u t  w e r e  n o t  t e s t e d  b e c a u s e  o f  t i m e  
l i m i t a t i o n s  i n c l u d e d :  p e t r o l e u m  c o k e ,  w a s t e  f r o m  s h a l e  o i l  
e x t r a c t i o n ,  t a r  s a n d  r e s i d u e ,  l a m p  b l a c k ,  c o l l o i d a l  g r a p h i t e  
a n d  c o l l o i d a l  a l u m i n a .  
The  s u b s t i t u t i o n  o f  s e p i o l i t e  f o r  a p o r t i o n  o f  t h e  
b e n t o n i t e  a p p e a r e d  t o  o f f e r  s e v e r a l  a d v a n t a g e s .  Muds 
p r e p a r e d  f r o m  a c o m b i n a t i o n  o f  s e p i o l i t e  a n d  b e n t o n i t e  
d e v e l o p e d  v e r y  l o w  s h e a r  s t r e n g t h  when a g e d  s t a t i c a l l y  a t  
5 O O O F .  A d d i t i o n s  o f  b r o w n  c o a l  a n d  s o d i u m  p o l y a c r y l a t e  
i m p r o v e d  t h e  f i l t r a t i o n  c o n t r o l  c h a r a c t e r i s t i c s  o f  t h e  
s e p i o l i t e / b e n t o n i t e  mud. 
i i  
C O N C L U S I O N S  
Based on the field visits, interviews with industry 
a n d  government personnel a n d  laboratory tests conducted 
* during t h i s  study, we conclude the following: 
- 
9 1 .  Muds prepared from bentonite alone solidified in 
laboratory tests at temperatures of 5 0 O o F .  
2. Preheating bentonite eliminated the h i g h  temperature 
solidification problem, b u t  caused the filtrate to 
increase to excessively h i g h  values. 
3. Substitution of sepiolite for all o r  part of the bentonite 
substantially reduced m u d  solidification at 5 0 O o F .  
4 .  M u d s  formulated with sepiolite had poor filtration control 
characteristics. 
5. Brown coal and sodium polyacrylate were effective i n  
controlling the filtration of m u d  formulated from sepiolite. 
6. Regular d r i  1 1  i n g  m u d  1 ignite and proprietary 1 ignite 
derivatives were not as effective as brown coal i n  
s t a b i l i z i n g  the filtration properties of m u d  composed of 
sepiolite a n d  bentonite. 
- 
1 .  7. The following materials were ineffective as filtration 
control additives: 
Precipitated Calcium Carbonate 
Finely G r o u n d  Natural Limestone 
Sulfonated Residuum 
i i i  
8. A mud w i t h  t h e  f o l l o w i n g  c o m p o s i t i o n  h a d  e x c e l l e n t  
r h e o l o g i c a l ,  f i l t r a t i o n  c o n t r o l ,  a n d  c o r r o s i v i t y  
c h a r a c t e r i s t i c s  i n  l a b o r a t o r y  t e s t s :  
W a t e r  
S e p i o l  i t e  
S o d i u m  B e n t o n i t e  
B r o w n  C o a l  
S o d i u m  P o l y a c r y l a t e  
S o d i u m  H y d r o x i d e  
1 .0  b b l  
1 5 . 0  l b  
5 . 0  l b  
20 .0  l b  
2 .5  l b  
2 . 0  l b  
9. T h e  n o v e l  mud c o m p o s i t i o n  d e s c r i b e d  i n  8 a b o v e  h a d  b e t t e r  
o v e r a l l  p r o p e r t i e s  i n  l a b o r a t o r y  t e s t s  a t  5OO0F t h a n  muds 
t e s t e d  in a p r e v i o u s  s t u d y  o f  c o m m e r c i a l l y  a v a i l a b l e  
u n w e i g h t e d  muds f o r  E R D A .  
10 .  The n o v e l  mud s y s t e m  d e s i g n e d  i n  t h i s  s t u d y  s h o u l d  b e  
f i e l d  t e s t e d  t o  d e m o n s t r a t e  i t s  p e r f o r m a n c e  u n d e r  f i e l d  
c o n d i t i o n s .  
1 1 .  A d d i t i o n a l  t e s t i n g  i s  n e e d e d  t o  d e t e r m i n e  i f  a t t a p u l g i t e  
i s  s u i t a b l e  f o r  u s e  a s  a s u b s t i t u t e  f o r  s o d i u m  b e n t o n i t e  
i n  g e o t h e r m a l  muds.  
i v  
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INTRODUCTION 
t 
Viscosity and filtration control problems arise while 
d r i l l i n g  geothermal wells because of thermal decomposition 
of organic compounds used to control these properties. 
M u d  problems are compounded d u r i n g  trips when the mud 
remains stationary and reaches h i g h  temperatures. Dri 1 1  ing 
m u d  bentonite becomes flocculated, organic polymers a n d  
deflocculating agents decompose, and muds tend t o  solidify 
causing difficulties in running logging tools to bottom. 
Loss of circulation frequently occurs when running d r i l l  
pipe into the hole or when resuming p u m p i n g  after extended 
trips. Severe corrosion and erosion of d r i l l  pipe occurs 
while using a i r  to d r i l l  these wells. 
A program was initiated to increase the temperature 
capability of geothermal d r i l l i n g  fluids. This program 
included the following areas: 
I )  Use of alternate materials in place of 
drilling mud bentonite for b u i l d i n g  m u d  
v i s cos i ty . 
2 )  Tests of thermally stable materials for 
use in controlling mud filtrate. 
3 )  Tests of h i g h  temperature materials for 
use as thinners or surfactants. 
4 )  Design and tests of novel mud systems 
based on materials identified in 1 ,  2 ,  
and 3 above. 
5 )  Determine the corrosion characteristics 
of the novel systems. 
ix 
Chapter 1 describes the geothermal areas which were 
visited and identifies geothermal mud problems which were 
discussed with operator and service company personnel. 
The areas included the Geysers, the Imperial Valley, and 
the Jemez area. 
Several alternates to the use of dr i l l i n g  mud 
bentonite were tried and are detailed in Chapter 2 .  One 
technique was to preheat Wyoming bentonite to 50OoF. 
Another approach was the use of synthetic hectorite or 
synthetic montmorillonite. Substitutions of asbestos or 
attapulgite were also attempted. The most promising approach 
was to substitute sepiolite for a portion of the bentonite 
in h i g h  t e m p e r a t u r e  m u d s .  
Filtration control additives are discussed in Chapter 3 .  
Tests conducted with precipitated calcium carbonate and 
finely ground natural limestone are detailed. A sulfonated 
residuum was also investigated. The effect of preheating 
dr i l l i n g  mud lignite in an oxidizing environment and in a 
nitrogen atmosphere are also discussed. Results obtained 
with a brown coal used in conjunction with sodium 
polyacrylate were much better than those obtained with other 
additives tested. 
The effectiveness of thinners in geothermal mu d  
formulations is discussed in Chapter 4. Materials tested as 
thermally stable thinners include proprietary lignite 
derivatives, brown coal, regular dr i l l i n g  mud lignite, a 
proprietary organic, and two proprietary surfactants. None 
of the thinners tested can be considered adequate. 
The properties of a novel geothermal m u d  are discussed 
in Chapter 5 and the corrosion characteristics of  the mud 
are detailed in Chapter 6 .  
X 
CHAPTER 1 
F I E L D  VISITS 
Field visits were made to the Geysers, the Imperial 
Valley, and the Jemez Area to identify problems related 
to d r i l l i n g  fluids used on geothermal wells. Exploratory 
and developmental d r i l l i n g  are actively being conducted 
in these areas, which are located in the Western United 
States.] Figure 1 is a map showing the areas of geothermal 
activity f r o m  1968 - 1 9 7 5 .  
Major d r i l l i n g  f l u i d  problems discussed with opera- 
tor and service company personnel included severe corrosion 
a n d  erosion of tubular goods while d r i l l i n g  with air, loss 
of circulation while d r i l l i n g  with water o r  m u d ,  and severe 
gelation of m u d  d u r i n g  trips to change b i t s  or while logging. 
In addition to those companies listed below, many other 
service companies and operators contributed to this s t u d y .  
Personnel from the following companies were contacted d u r i n g  
the course o f  this study: 
AZ International Los Alamos Scientific 
Barber Nichols Engineering 
B a r o i d  Petroleum S e r v i c e s  
La bo ra to ry 
Milchem, Inc. 
B i g  Chief D r i l l i n g  
Chevron 
Dres ser-Magcoba r 
Fenix a n d  Sissons 
I M C O  
Kobe Pumps 
Oi 1 Base Incorporated 
Republic Geothermal 
Sand ia Laboratories 
Smith, International 
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G e y s e r s  A r e a  
. 
The G e y s e r s  i s  l o c a t e d  a p p r o x i m a t e l y  80 m i l e s  n o r t h  o f  
San F r a n c i s c o  Bay i n  Sonoma C o u n t y ,  C a l i f o r n i a .  F i g u r e  2 
shows t h e  l o c a t i o n  o f  t h e  G e y s e r s  a s  w e l l  as o t h e r  known 
g e o t h e r m a l  r e s o u r c e  a r e a s  i n  C a l i f o r n i a . 2  Mud i s  u s e d  t o  
d r i l l  t h e  u p p e r  p o r t i o n  o f  t h e  h o l e  i n  t h e  G e y s e r ' s  A r e a .  
These  muds a r e  composed o f  b e n t o n i t e  s u s p e n s i o n s  i n  w a t e r  
w i t h  a s m a l l  amount  o f  l i g n o s u l f o n a t e  t h i n n e r .  A i r  and  
c o r r o s i o n  i n h i b i t o r s  a r e  u s e d  i n  t h e  l o w e r  p o r t i o n  o f  t h e  
h o l e .  S m a l l  amoun ts  o f  l u b r i c a n t s  a r e  a l s o  b e i n g  u s e d .  
U n i o n  O i l  s p e c i f i e s  t h a t  o n l y  t h o s e  l u b r i c a n t s  w h i c h  d o  n o t  
c o n t a i n - s u l f u r  b e  u s e d .  
T h e r e  i s  e v i d e n c e  t h a t  b i t s  r e a c h  t e m p e r a t u r e s  i n  e x c e s s  
o f  65OoF w h i l e  d r i l l i n g  w i t h  a i r .  A t  t h e s e  t e m p e r a t u r e s  t h e  
s t e e l  u s e d  i n  d r i l l  b i t s  l o s e s  much o f  i t s  s t r e n g t h  c a u s i n g  
r a p i d  f a i l u r e  o f  b o t h  b e a r i n g  and t e e t h  when u s i n g  m i l l e d  
t o o t h  b i t s  and  a l o s s  o f  i n s e r t s  w i t h  i n s e r t  b i t s .  The 
r e t e n t i o n  o f  i n s e r t s  i s  a p r o b l e m  b e c a u s e  s t e e l  h a s  a h i g h e r  
c o e f f i c i e n t  o f  t h e r m a l  e x p a n s i o n  t h a n  t u n g s t e n  c a r b i d e .  As 
t h e  s t e e l  e x p a n d s ,  t h e  c o m p r e s s i v e  s t r e s s  h o l d i n g  t h e  i n s e r t  
i n  t h e  c u t t e r  i s  r e d u c e d .  
P r o d u c t i o n  r a t e s  i n  e x c e s s  o f  400,000 pounds  p e r  h o u r  o f  
s t e a m  a r e  e x p e r i e n c e d  w h i l e  t h e s e  we1 1s a r e  b e i n g  d r i  1 l e d  
w i t h  a i r .  The p r o d u c e d  s t e a m  c o n t a i n s  a p p r o x i m a t e l y  2 0 0  
p a r t s  p e r  m i l l i o n  o f  h y d r o g e n  s u l f i d e .  H i g h  c o r r o s i o n  r a t e s  
and  s e v e r e  e r o s i o n  o f  t h e  d r i l l s t r i n g  o c c u r s  w h i l e  t h e s e  w e l l s  
a r e  b e i n g  d r i l l e d .  Many o f  t h e  w e l l s  a r e  t e r m i n a t e d  b e c a u s e  
o f  t h e  c o r r o s i o n  and e r o s i o n  ~ r o b l e r n s . ~  
a t t e m p t e d  t o  c o a t  t h e  p a r t i c l e s  t h a t  a r e  b e i n g  d r i l l e d  w i t h  a 
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PRINCIPAL KNOWN GEOTHERMAL RESOURSE AREAS 
(FEDRAL KGRA) IN CALIFORNIA 
. 
[ B I R S I C  8 1 9 7 6 )  
5 
m a t e r i a l  w h i c h  w o u l d  r e n d e r  them l e s s  a b r a s i v e .  D e t a i l s  o f  
t h e  p r o c e s s  a r e  p r o p r i e t a r y .  
F o r m a t i o n s  w h i c h  a r e  p e n e t r a t e d  a r e  p r i m a r i l y  g r e e n s t o n e s  
and  s e r p e n t i n e  t o  a b o u t  4 , 0 0 0  f e e t .  Mud i s  u s e d  t o  d r i l l  
t h i s  p o r t i o n  o f  t h e  h o l e .  The h y d r o t h e r m a l  r e s e r v o i r  r o c k  
i s  p r i m a r i l y  F r a n c i s c a n  g r a y w a c k e  w i t h  m i n o r  amoun ts  o f  
s h a l e ,  c o n g l o m e r a t e  and s e r p e n t i n e . 5  
g r a y w a c k e  i s  e n c o u n t e r e d  a t  a b o u t  4 , 0 0 0  f e e t ,  a i r  i s  u s e d  as 
t h e  d r i l l i n g  f l u i d .  A v o l u m e  o f  4 , 0 0 0  - 5 , 0 0 0  c f m  a t  2 , 5 0 0  p s i  
i s  r e q u i r e d  t o  c l e a n  t h e  h o l e .  The c o r r o s i o n  i n h i b i t o r s  
b e i n g  u s e d  b y  U n i o n  O i l  Company o f  C a l i f o r n i a  w e r e  d e v e l o p e d  
b y  U n i o n  and a r e  c o n s i d e r e d  p r o p r i e t a r y .  
When t h e  F r a n c i s c a n  
I m p e r i a l  V a l  l e y  
F o u r  s e p a r a t e  a r e a s  o f  g e o t h e r m a l  a c t i v i t y  l i e  i n  t h e  
I m p e r i a l  V a l l e y  o f  C a l i f o r n i a  a s  shown i n  F i g u r e  3 .  T h e s e  
i n c l u d e  t h e  S a l t o n  Sea A r e a  a l s o  known as  t h e  N i l a n d  A r e a ,  
t h e  B r a w l e y  A r e a ,  t h e  H e b e r  A r e a ,  a n d  t h e  E a s t  Mesa A r e a .  
D r i l l i n g  muds a r e  u s e d  t o  d r i l l  t h e  e n t i r e  h o l e  i n  t h e  
I m p e r i a l  V a l l e y .  T h e s e  muds c o n s i s t  m a i n l y  o f  w a t e r ,  b e n -  
t o n i t e ,  c a u s t i c  s o d a  a n d  c h e m i c a l  t h i n n e r s  w h i c h  i n c l u d e  
b o t h  l i g n o s u l f o n a t e  a n d  l i g n i t e .  S e v e r e  mud g e l l i n g  o c c u r s  
o n  t r i p s  t o  c h a n g e  b i t s  a n d  o n  t r i p s  d u r i n g  w h i c h  e x t e n d e d  
l o g g i n g  r u n s  a r e  made.  L o s s  o f  c i r c u l a t i o n  u s u a l l y  o c c u r s  
as  t h e  p r o d u c i n g  z o n e  i s  d r i l l e d .  C o n v e n t i o n a l  l o s t  c i r c u -  
l a t i o n  m a t e r i a l s  d i s c u s s e d  i n  A p p e n d i x  B a r e  u s e d  t o  s e a l  t h e  
f r a c t u r e s .  S e p i o l i t e  c l a y  h a s  b e e n  u s e d  t o  d r i l l  s e v e r a l  
w e l l s  f o r  U n i o n  O i l  Company  i n  t h e  I m p e r i a l  V a l l e y .  V e r y  
f e w  p r o b l e m s  w e r e  e n c o u n t e r e d  o n  t h e s e  w e l l s  a n d  U n i o n  O i l  
Company p e r s o n n e l  w e r e  e x t r e m e l y  h a p p y  w i t h  t h e  r e s u l t s .  
C o o l i n g  t o w e r s  a r e  u s e d  t o  r e d u c e  t h e  t e m p e r a t u r e  o f  t h e  
d r i l l i n g  mud when s u r f a c e  mud t e m p e r a t u r e s  e x c e e d  17OoF. Mud 
i s  pumped t o  t h e  t o p  o f  t h e  t o w e r  w h e r e  i t  i s  a l l o w e d  t o  f r e e  
f a l l  t h r o u g h  a s t r e a m  o f  a i r  b e i n g  f o r c e d  u p  t h e  t o w e r  w i t h  a 
f a n .  A c o o l i n g  c a p a b i l i t y  of  a b o u t  4 0 O F  i s  n o r m a l l y  o b t a i n e d  
w i t h  c o o l i n g  t o w e r s .  
T h e  f o l l o w i n g  f o r m a t i o n s  a r e  d r i l l e d  i n  t h e  I m p e r i a l  V a l l e y :  
F o r m a t i o n  D r i l l e d  
B r a w l e y  
B o r r e g o  
P a l m  S p r i n g s  
I m p e r i a l  
A l v e r s o n  A n d e s !  t e  
S p l i t  M o u n t a i n  
G r a n i t e  
I 
G e o l o g i c  Age 
Q u a t e r n a r y  
P 1  i o c e n e  
P 1 i o c e n e  
M i  o c e n e  
M i o c e n e  
M i o c e n e  
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FIGURE 3 
GEOTHERMAL AREAS IN THE IMPERIAL VALLEY 
OF SOUTHERN CALIFORNIA 
MAP C O U R T E S Y  O F  OIL AND G A S  J O U R N A L  
( B ! R S I C ,  1 9 7 6 )  
Jemez A r e a  
The  J e m e t  C a l d e r a ,  a l s o  known as  t h e  V a l l e s  C a l d e r a ,  
i s  l o c a t e d  i n  S a n d o v a l  C o u n t y  a p p r o x i m a t e l y  7 0  m i l e s  n o r t h -  
w e s t  o f  A l b u q u e r q u e ,  New M e x i c o  ( F i g u r e  4 ) .  C u r r e n t l y ,  
U n i o n  O i l  Company o f  C a l i f o r n i a  i s  d r i l l i n g  i n s i d e  t h e  
C a l d e r a  o n  t h e i r  B a c c a  Ranch  l o c a t i o n s .  L o s  A l a m o s  S c i e n t i f i c  
L a b o r a t o r i e s  d r i  1 l e d  t w o  we1 1s j u s t  o u t s i d e  t h e  w e s t e r n  e d g e  
o f  t h e  C a l d e r a  o n  t h e i r  h o t  d r y  r o c k  p r o j e c t .  U n i o n  u s e s  mud 
t o  d r i l l  t h e  u p p e r  h o l e  on t h e i r  B a c c a  Ranch  l o c a t i o n s  a n d  
a i r  t r e a t e d  w i t h  p r o p r i e t a r y  c o r r o s i o n  i n h i b i t o r s  t o  d r i l l  t h e  
l o w e r  p o r t i o n  o f  t h e  h o l e .  
L o s  A l a m o s  used a low filtrate, lignite m u d  with lost 
c i r c u l a t i o n  m a t e r i a l  t o  d r i l l  t h e i r  w e l l s .  S e v e r e  t o r q u e  
a n d  d r a g  w e r e  e x p e r i e n c e d  o n  t h e s e  w e l l s  a n d  c o m p l e t e  l o s s  o f .  
c i r c u l a t i o n  was e n c o u n t e r e d  w h i l e  u s i n g  mud i n  t h i s  a r e a .  
T h e  V a l l e s  C a l d e r a  h a s  a v e r y  c o m p l e x  g e o l o g y  w i t h  
b a s a l t i c  l a v a s  a n d  t u f f s  l o c a t e d  n e a r  t h e  s u r f a c e  a n d  s e d i -  
m e n t a r y  r o c k s  b e l o w .  S e d i m e n t a r y  f o r m a t i o n s  i n c l u d e :  Mancos  
s h a l e ,  D a k o t a  s a n d s t o n e ,  M o s s i r o n ,  T o d i l t o ,  E n t r a d a  s a n d s t o n e ,  
C h i n l e ,  G l o r i e t a ,  Y e s o ,  Abo,  C u t l e r ,  M a d e r a  l i m e s t o n e  a n d  t h e  




2 Drilling underway - significant discoveries - 
development perhaps by 1980 
3 Drilling anticipated in 1977 
0 2 0 4 0 6 0  - 4 Significant surface exploration known underway - 
may lead to drilling in a few years (surface 
exploration is underway in many areas where 
drilling is unlikely in the next few years) 
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FIGURE 4 
GEOTHERMAL ACTIVITY IN NEW MEXICO 
( G E O T H E R M A L  H A N D B O O K ,  1 9 7 6 )  
10  
Mud P r o b l e m s  E n c o u n t e r e d  
C o r r o s i o n  a n d  E r o s i o n  
Some g e o t h e r m a l  w e l l s  a r e  d r i l l e d  w i t h  a i r  b e c a u s e  
t h e  h o l e  w i l l  n o t  r e m a i n  f u l l  w h i l e  u s i n g  w a t e r  o r  d r i l l i n g  
mud. I n  many c a s e s  a t  t h e  G e y s e r s ,  t h e  c o l u m n  o f  a i r  d o e s  
n o t  e x e r t  s u f f i c i e n t  p r e s s u r e  t o  c o n t a i n  t h e  s t e a m  i n  t h e  
g e o t h e r m a l  r e s e r v o i r .  T h e s e  w e l J s  c a n  p r o d u c e  u p  t o  400,000 
p o u n d s  o f  s t e a m  p e r  h o u r  as  t h e y  a r e  b e i n g  d r i l l e d .  C o r r o s i v e  
h y d r o g e n  s u l f i d e  i s  p r o d u c e d  w i t h  t h e  s t e a m  i n  some o f  t h e  
g e o t h e r m a l  f i e l d s .  T h e  a i r ,  d r i l l e d  c u t t i n g s ,  a n d  s t e a m  
move u p  t h e  a n n u l u s  a t  c a l c u l a t e d  v e l o c i t i e s  r a n g i n g  f r o m  
6 , 0 0 0  t o  10 ,000  f t / m i n . 6  
t o  t h e  s t e e l  when m o v i n g  a t  t h e s e  s p e e d s .  T h e  c o m b i n a t i o n  
o f  a c o r r o s i v e ,  h o t  e n v i r o n m e n t  a n d  t h e  a b r a s i v e  e f f e c t  o f  
t h e  h i g h  v e l o c i t y  p a r t i c l e s  n e c e s s i t a t e s  f r e q u e n t  r e p l a c e -  
m e n t  o f  d r i l l  p i p e .  O f t e n  o v e r  h a l f  o f  t h e  d r i l l  p i p e  i s  
so s e v e r l y  e r o d e d  t h a t  i t  i s  d i s c a r d e d  a f t e r  d r i l l i n g  o n l y  
o n e  g e o t h e r m a l  w e l l .  I n  some c a s e s ,  t h e  p i p e  becomes w e a k e n e d  
a n d  t w i s t s  o f f  d u r i n g  t h e  d r i l l i n g  o p e r a t i o n ,  t h u s  n e c e s s i -  
t a t i n g  a n  e x p e n s i v e  f i s h i n g  j o b .  
C u t t i n g s  become e x t r e m e l y  a b r a s i v e  
L o s t  C i r c u l a t i o n  
M o s t  g e o t h e r m a l  r e s e r v o i r s  a r e  l o c a t e d  i n  h i g h l y  
f r a c t u r e d ,  g r a n i  t i c - t y p e  r o c k s .  A s  t h e  d r i  1 1  b i t  p e n e t r a t e s  
t h e s e  f o r m a t i o n s ,  l a r g e  v o l u m e s  o f  mud a r e  l o s t  i n t o  t h e  
r e s e r v o i r  b e c a u s e  t h e  p r e s s u r e  i n  t h e  r e s e r v o i r  i s  l o w e r  t h a n  
t h e  h y d r o s t a t i c  h e a d  o f  t h e  mud c o l u m n .  T h i s  loss o f  mud 
o c c u r s  b e c a u s e  t h e  a v e r a g e  d e n s i t y  o f  t h e  a c c u m u l a t e d  w a t e r  
i n  t h e  r e s e r v o i r  i s  much l a w e r  t h a n  t h a t  o f  t h e  mud i n  t h e  h o l e .  
F o r  e x a m p l e ,  t h e  d e n s i t y  o f  l i q u i d  w a t e r  i n  a r e s e r v o i r  a t  
5OO0F w o u l d  b e  a b o u t  0 . 8  g / c u  cm. I f  t h e  w a t e r  e x i s t s  as  a 
v a p o r  t h e  d e n s i t y  c o u l d  b e  a s  l o w  a s  0 . 0 2  g / c u  cm. E v e n  when 
t h e  mud i n  t h e  b o r e h o l e  i s  h e a t e d  t o  a n  a v e r a g e  t e m p e r a t u r e  
o f  3OO0F a n d  t h e  s o l i d s  c o n t e n t  o f  t h e  mud i s  m a i n t a i n e d  a t  
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a m in imum l e v e l ,  t h e  mud d e n s i t y  w i l l  n o r m a l l y  e x c e e d  1 . 0  
g / c u  cm. 
F i g u r e  5 shows a f r a c t u r e d  g r a n i t e  c o r e  r e c o v e r e d  
f r o m  5 2 7 0  f e e t  t o  5 2 7 6  f e e t  o n  t h e  M a r y s v i l l e  M o n t a n a  
G e o t h e r m a l  We1 1 . 7  The f r a c t u r e d  s u r f a c e s  w e r e  r e p o r t e d  
t o  h a v e  s l i c k e n  s i d e s  i n d i c a t i n g  t h a t  t h e  f r a c t u r e s  a r e  
o p e n  i n  t h e  e a r t h .  
F i g u r e  5 - F r a c t u r e d  g r a n i t e  c o r e  t a k e n  f r o m  5 2 7 0  f e e t  t o  
5 2 7 6  f e e t  o n  t h e  M a r y s v i l l e  M o n t a n a  G e o t h e r m a l  W e l l .  
I n  o r d e r  t o  s e a l  t h e  l a r g e  f r a c t u r e d  o p e n i n g s  i n  t h e  
r o c k ,  p a r t i c l e s  o f  P i b e r o u s ,  f l a k e  or n u g g e t  t y p e  m a t e r i a l s  
m u s t  f i r s t  b r i d g e  a c r o s s  t h e  f r a c t u r e s .  The p a r t i c l e s  m u s t  
t h e n  b e  s t r o n g  e n o u g h  t o  w i t h s t a n d  t h e  d i f f e r e n t i a l  p r e s s u r e  
e x i s t i n g  b e t w e e n  t h e  mud c o l u m n  and  t h e  r e s e r v o i r .  I n  a d d i t i o n  
t o  t h e  l a r g e  p a r t i c l e s  w h i c h  m u s t  b r i d g e  t h e  l a r g e s t  gap ,  
s m a l l e r  p a r t i c l e s  a r e  a l s o  r e q u i r e d  i n  o r d e r  t o  h a v e  a p a r t i c l e  
s i z e  d i s t r i b u t i o n  s u c h  t h a t  s m a l l e r  o p e n i n g  w i l l  a l s o  b e  p l u g g e d .  
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H i  g h  T e m p e r a t u r e  Ge 1 a t  i o n  
Muds e x p o s e d  t o  t e m p e r a t u r e s  i n  e x c e s s  o f  3500 F u n d e r g o  
i r r e v e r s i b l e  c h e m i c a l  r e a c t i o n s  w h i c h  t e n d  t o  s o l i d i f y  t h e  
muds .8  
e a s i l y  e x c e e d  t h o s e  r e q u i r e d  t o  c a u s e  c e m e n t - l i k e  r e a c t i o n s  
t o  o c c u r .  H i g h l y  g e l l e d  o r  s o l i d i f i e d  mud c a u s e s  p r o b l e m s  i n  
t h e  d r i l l i n g  o p e r a t i o n s .  P r e s s u r e  s u r g e s  o c c u r  a s  t h e  d r i l l  
p i p e  i s  r u n  i n t o  t h e  h o l e  a f t e r  t r i p s  t o  c h a n g e  b i t s .  D i f f i -  
c u l t y  i s  a l s o  e x p e r i e n c e d  w h i l e  l o g g i n g  i n  muds w h i c h  g e l  
e x c e s s i v e l y  when e x p o s e d  t o  h i g h  t e m p e r a t u r e s .  
T e m p e r a t u r e s  e n c o u n t e r e d  i n  g e o t h e r m a l  d r i  1 1  i n g  
On t h e  H G P - A  W e l l  i n  H a w a i i ,  t h e  l o g g i n g  s o n d e  d i d  n o t  
p e n e t r a t e  c o m p l e t e l y  t h r o u g h  w h a t  was d e s c r i b e d  as  " h a r d e n e d  
mud".' 
a t e m p e r a t u r e  log was r u n  t o  a d e p t h  o f  5950 f e e t ,  t h e  t o t a l  
l e n g t h  o f  t h e  l o g g i n g  c a b l e .  S u b s e q u e n t  l o g g i n g  r u n s  o n l y  
r e a c h e d  d e p t h s  o f  5350 f e e t ,  5170 f e e t ,  a n d  4660 f e e t .  Mud 
h a d  r e m a i n e d  s t a t i c  f o r  75, 97, a n d  170 h o u r s ,  r e s p e c t f u l l y  
p r i o r  to t h e s e  l o g g i n g  r u n s .  The  maximum mud t e m p e r a t u r e  
m e a s u r e d  o n  t h e  H G P - A  W e l l  was 536OF. 
The  t o t a l  d e p t h  o f  t h e  w e l l  was 6445 f e e t .  I n i t i a l l y ,  
F i l t r a t i o n  C o n t r o l  a n d  B o r e h o l e  S t a b i l i t y  
I f  t h e  f o r m a t i o n  b e i n g  d r i l l e d  i s  p e r m e a b l e ,  l o s s  o f  t h e  
c o n t i n u o u s  l i q u i d  p h a s e  o f  t h e  f l u i d  t o  t h e  f o r m a t i o n  o c c u r s  
when t h e  h y d r o s t a t i c  h e a d  o f  t h e  mud i s  g r e a t e r  t h a n  t h e  p o r e  
p r e s s u r e  i n  t h e  f o r m a t i o n .  A s  l i q u i d  f i l t r a t e  l e a v e s  t h e  mud, 
a c a k e  composed  o f  mud s o l i d s  i s  f o r m e d  o n  t h e  w a l l  o f  t h e  h o l e .  
Muds w h i c h  h a v e  a h i g h  f i l t r a t i o n  r a t e  p r o d u c e  t h i c k  c a k e s  w h i c h  
i m p e d e  t h e  p a s s a g e  o f  b i t s  a n d  l e a d  t o  d i f f e r e n t i a l  s t i c k i n g .  
A t  t h e  t e m p e r a t u r e s  e n c o u n t e r e d  i n  g e o t h e r m a l  w e l l s ,  many o f  t h e  
o r g a n i c  m a t e r i a l s  u s e d  t o  r e d u c e  t h e  f i l t r a t e  d e g r a d e  a n d  f a i l  
t o  f u n c t i o n .  T h e r e f o r e  t h e  c a k e  b u i l d s  u p  and  c a u s e s  p r o b l e m s .  
Borehole instability problems which are encountered in oil well 
d r i l l i n g  are normally associated with shales. Since sedimentary 
formations sometimes occur above geothermal reservoirs, many of 
the same borehole problems which are experienced in oil well 
d r i l l i n g  also plague geothermal d r i l l i n g  operations in the u p p e r  
p a r t  o f  the hole. These include sloughing shale, b a l l i n g  of the 
b i t  a n d  stabilizers, a n d  hole enlargement. Borehole instabi- 
lity is normally a minor problem in geothermal d r i l l i n g .  
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D r i l l i n g  mud b e n t o n i t e  i s  o b t a i n e d  a l m o s t  e x c l u s i v e l y  
f r o m  c o m m e r c i a l  d e p o s i t s  i n  Wyoming a n d  S o u t h  D a k o t a .  The  
m a t e r i a l  h a s  a p l a t e - l i k e  s t r u c t u r e  a s  shown b y  t h e  e l e c t r o n  
m i c r o g  r a p h  l o  i n  F i g u r e  6 .  
F i g u r e  6 
E l e c t r o n  M i c r o g r a p h  o f  a B e n t o n i t e  P a r t i c l e  M a g n i f i e d  38 ,000  T i m e s  
( R o g e r s ,  1 9 6 3 )  
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Wyoming b e n t o n i t e  i s  u s e d  as  a v i s c o s i f i e r  a n d  
f i l t r a t i o n  c o n t r o l  a d d i t i v e  i n  m o s t  h i g h  t e m p e r a t u r e  mud 
f o r m u l a t i o n s .  Muds c o n t a i n i n g  b e n t o n i t e  u n d e r g o  i r r e -  
v e r s i b l e  c h a n g e s  when h e a t e d  t o  t e m p e r a t u r e s  i n  e x c e s s  o f  
350°F i n  t h e  p r e s e n c e  o f  an  a l k a l i  f o r  p r o l o n g e d  p e r i o d s  
o f  t i m e .  T h e s e  muds t e n d  t o  s o l i d i t y  d u r i n g  t r i p s  t o  
c h a n g e  b i t s  a n d  d u r i n g  l o g g i n g  o p e r a t i o n s .  F r e q u e n t l y ,  
l o s s  o f  c i r c u l a t i o n  o c c u r s  w h i l e  t r i p p i n g  b a c k  t o  b o t t o m  
a f t e r  l o g g i n g  t h e  w e l l .  L a b o r a t o r y  e q u i p m e n t  u s e d  t o  
s i m u l a t e  t e m p e r a t u r e s  a n d  p r e s s u r e  e n c o u n t e r e d  o n  t r i p s  i s  
shown i n  F i g u r e  7.  
F i g u r e  7 
H i g h  P r e s s u r e - H i g h  T e m p e r a t u r e  T e s t  C e l l  
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The f o l l o w i n g  n o v e l  a l t e r n a t i v e s  t o  u s i n g  Wyoming 
b e n t o n i t e  i n  g e o t h e r m a l  muds w e r e  i n c l u d e d  i n  t h i s  s t u d y :  
1 .  P r e h e a t i n g  d r i l l i n g  mud b e n t o n i t e  b y  a s i m u l a t e d  
d r y  p r o c e s s  a t  5OO0F i n  a i r  o r  i n  n i t r o g e n .  
2 .  P r e h e a t i n g  b e n t o n i t e  s l u r r i e s  t o  5OO0F p r i o r  t o  
c o m p o u n d i n g  g e o t h e r m a l  muds f r o m  t h e  s l u r r i e s .  
3 .  S u b s t i t u t i o n  o f  s y n t h e t i c  h e c t o r i t e  a n d  s y n t h e t i c  
m o n t m o r i l l o n i t e  f o r  d r i l l i n g  mud b e n t o n i t e .  
4 .  S u b s t i t u t i o n  o f  s e p i o l i t e  f o r  a l l  o r  p a r t  o f  t h e  
d r i l l i n g  mud b e n t o n i t e .  
5 .  S u b s t i t u t i o n  o f  a s b e s t o s  o r  a t t a p u l g i t e  f o r  d r i l l i n g  
mud b e n t o n i t e .  
S U M M A R Y  
G e o t h e r m a l  muds, p r e p a r e d  f r o m  b e n t o n i t e  g e l l e d  e x -  
c e s s i v e l y  when e x p o s e d  t o  t e m p e r a t u r e s  o f  5OO0F i n  s t a t i c  
l a b o r a t o r y  t e s t s .  S u b s t i t u t i o n  o f  s e p i o l i t e  f o r  a l l  o r  
p a r t  o f  t h e  b e n t o n i t e  s u b s t a n t i a l l y  r e d u c e d  mud s o l i d i f i -  
c a t i o n  a t  t h e s e  t e m p e r a t u r e s .  P r e h e a t i n g  b e n t o n i t e  
r e d u c e d  i t s  g e l l i n g  t e n d e n c y  a t  h i g h  t e m p e r a t u r e  b u t  
severely reduced i t s  e f f e c t i v e n e s s  i n  c o n t r o l l i n g  f i l t r a t i o n  
G e o t h e r m a l  muds f o r m u l a t e d  f r o m  s y n t h e t i c  h e c t o r i t e  and  
s y n t h e t i c  m o n t m o r i l l o n i t e  t h i c k e n e d  e x c e s s i v e l y  a f t e r  h i g h  
t e m p e r a t u r e  e x p o s u r e  and  h a d  p o o r  f i l t r a t i o n  c o n t r o l  
c h a r a c t e r i s t i c s .  A t t e m p t s  t o  f o r m u l a t e  h i g h  t e m p e r a t u r e  
p o l y m e r  mud f r o m  a s b e s t o s  o r  a t t a p u l g i t e  w e r e  u n s u c c e s s f u l .  
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RESULTS 
P r e h e a t i n g  D r i l l i n g  Mud B e n t o n i t e  
D r y  P r o c e s s i n g  I n  A i r  o r  N i t r o g e n  
P r o c e s s i n g  o f  d r i l l i n g  mud b e n t o n i t e  c o n s i s t s  o f  
l o w  t e m p e r a t u r e  d r y i n g ,  f o l l o w e d  b y  g r i n d i n g  a n d  b a g g i n g .  
T h e  p r o c e s s  c o u l d  b e  m o d i f i e d ,  a t  some a d d i t i o n a l  c o s t s ,  
t o  h e a t  t h e  b e n t o n i t e  t o  much h i g h e r  t e m p e r a t u r e s  i n  t h e  
p r e s s e n c e  o f  a i r .  A m o r e  e l a b o r a t e  p r o c e s s  w o u l d  i n v o l v e  
t h e  e x p o s u r e  o f  d r i l l i n g  mud b e n t o n i t e  t o  h i g h  t e m p e r a t u r e s  
i n  t h e  p r e s e n c e  o f  n i t r o g e n .  T a b l e  1 shows t h e  e f f e c t  o f  
p r e h e a t i n g  b e n t o n i t e  t o  5 O O 0 F  o n  t h e  s h e a r  s t r e n g t h  o f  a 
b e n t o n i t e - l i g n i t e  mud a f t e r  s t a t i c  a g i n g  t h e  muds a t  50OoF- 
3 7 5  p s i  f o r  16 h o u r s ,  a n d  o n  t-he 30  m i n u t e  f i l t r a t e  o f  
th .e  mud m e a s u r e d  a t  35OoF w i t h  a d i f f e r e n t i a l  p r e s s u r e  o f  
500 p s i .  Low s h e a r  s t r e n g t h s  a n d  l o w  f i l t r a t e s  a r e  
d e s i r a b l e  i n  d r i  1 1  i n g  muds.  
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L i g n i t e  muds p r e p a r e d  f r o m  p r e h e a t e d  b e n t o n i t e  d e v e l o p e d  
a l o w e r  s h e a r  s t r e n g t h  t h a n  t h e  l i g n i t e  mud made f r o m  r e g u l a r  
b e n t o n i t e .  These  muds a l s o  had  h i g h e r  f i l t r a t e s  t h a n  muds 
made w i t h  r e g u l a r  b e n t o n i t e .  The b e n t o n i t e  h e a t e d  i n  a 
n i t r o g e n  e n v i r o n m e n t  p r o b a b l y  h e a t e d  more  s l o w l y  t h a n  t h e  
a i r - h e a t e d  b e n t o n i t e  b u t  r e t a i n e d  i t s  h e a t  l o n g e r  b e c a u s e  i t  
was i n  a t h i c k - w a l l e d , s t e e l  c o n t a i n e r .  T h i s  may a c c o u n t  f o r  
t h e  p o o r  f i l t r a t i o n  c o n t r o l  e x h i b i t e d  b y  mud p r e p a r e d  f r o m  t h e  
n i t r o g e n  h e a t e d  b e n t o n i t e .  A c o m p l e t e  l i s t i n g  o f  a l l  d a t a  
o b t a i n e d  o n  s i m u l a t e d  h i g h  t e m p e r a t u r e  p r o c e s s i n g  o f  b e n t o n i t e  
c a n  be f o u n d  i n  A p p e n d i x  D-Da ta  S h e e t  1 .  
TABLE 1 
EFFECT OF PREHEATING DRILLING M U D  BENTONITE 
ON M U D  S H E A R  STRENGTH A N D  FILTRATE I N  A 
BENTONITE/LIGNITE M U D  
B e n t o n i t e  
Used 
Wyoming B e n t o n i t e  
A i r  H e a t e d  B e n t o n i t e  
S h e a r  F i l t r a t e  
S t r e n g t h  a t  35O0F-5O0 p s i  
l b / 1 0 0  s q  f t  m l  
960 
6 8 5  
3 6  
49 
N i t r o g e n  H e a t e d  B e n t o n i t e  190 > 1605 
I *Vo lume c o l l e c t e d  i n  20 m i n u t e s .  
Wet P r o c e s s i n g  
F o r  c o m p a r i s o n  p u r p o s e s ,  b e n t o n i t e  s l u r r i e s  c o n t a i n i n g  
6 . 7 %  b y  w t .  b e n t o n i t e  w e r e  p r e h e a t e d  t o  500°F i n  c l o s e d  
c o n t a i n e r s  f o r  o n e  h o u r  and  f o r  1 6  h o u r s .  A n o t h e r  s l u r r y  c o n -  
t a i n i n g  6 . 7 %  by  w t .  b e n t o n i t e  and 0 . 5 3 %  by  w t .  s o d i u m  h y d r o x i d e  
was a l s o  h e a t e d  t o  5 O O 0 F  f o r  o n e  h o u r  t o  show t h e  e f f e c t  o f  
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h i g h e r  pH o n  t h e  h e a t e d  s l u r r y .  R e g u l a r  b e n t o n i t e  a n d  t h e  
p r e h e a t e d  s l u r r i e s  w e r e  u s e d  i n  c o m b i n a t i o n  w i t h  s e p i o l i t e  
a n d  a l i g n i t e  d e r i v a t i . v e  t o  p r e p a r e  a g e o t h e r m a l  mud. T a b l e  
2 shows t h a t  t h e  w e t  p r o c e s s e d ,  p r e h e a t e d  b e n t o n i t e  o f f e r s  
l i t t l e  o r  n o  i m p r o v e m e n t  i n  t h e  h i g h  t e m p e r a t u r e  g e l l i n g  
c h a r a c t e r i s t i c s  a s  i n d i c a t e d  b y  t h e  s h e a r  s t r e n g t h  d e v e l o p e d  
i n  t h e  muds o r  i n  t h e  f i l t r a t i o n  c o n t r o l  c h a r a c t e r i s t i c s  o f  
t h e  mud. A c o m p e n d i u m  o f  t h e  d a t a  o n  s i m u l a t e d  h i g h  t e m p e r a -  
t u r e  w e t  p r o c e s s i n g  i s  a v a i l a b l e  i n  A p p e n d i x  D - D a t a  S h e e t  2.  
TABLE 2 
E F F E C T  O F  P R E H E A T I N G  B E N T O N I T E  S L U R R I E S  ON T H E  SHEAR 
STRENGTH A N D  F ILTRATE OF A SEPIOLITE/BENTONITE M U D  
B e n t o n i t e  S h e a r  F i  1 t r a t e  
Used  S t r e n g t h  a t  350°F-500  p s i  
l b / 1 0 0  s q  f t  m l  
R e g u l a r  B e n t o n i t e  70 5 6 . 0  
B e n t o n i t e  S l u r r y  (6.7%) 
One h o u r / 5 0 0 ° F  6 5  5 4 . 0  
NaOH ( 0 . 5 3 % ) / 1  h r / 5 0 0 ° F  50 4 8 . 0  
S i  x t e e n  h o u r s / 5 0 0 ° F  1 4 0  5 1  .O 
I I 
S u b s t i t u t i o n  o f  S y n t h e t i c  C l a y s  
- 
S y n t h e t i c  c l a y s  w e r e  d e v e l o p e d  f o r  u s e  a s  t h e r m a l l y  s t a b l e  
c a t a l y s t  i n  p e t r o l e u m  c r a c k i n g  o p e r a t i o n s .  S a m p l e s  o f  a s y n -  
t h e t i c  h e c t o r i t e  m a n u f a c t u r e d  a t  ZOOOF a n d  a s y n t h e t i c  m o n t -  
m o r i l l o n i t e  m a n u f a c t u r e d  a t  500 F w e r e  o b t a i n e d  f r o m  B a r o i d  
P e t r o l e u m  S e r v i c e s  f o r  t e s t i n g  i n  g e o t h e r m a l  mud f o r m u l a t i o n s .  
T h e  s y n t h e t i c  c l a y s  a r e  m o r e  e f f i c i e n t  t h a n  d r i l l i n g  mud b e n t o n i t e  
i n  t h i c k e n i n g  w a t e r ;  t h e r e f o r e ,  1 / 3  t o  1 / 2  a s  much m a t e r i a l  i s  
0 
2 1  
required to compound a mud system with a given viscosity. 
Lignite muds prepared with the synthetic clays had suit- 
able rheological properties initially but thickened upon 
static aging at 50OoF.  Muds formulated from synthetic 
clays had poor filtration control properties. 
Substitution of Sepiolite Clay 
Sepiolite is a naturally occurring clay mineral 
belonging to a group o f  magnesium silicates with the 
idealized formula of Si12 Mgs 0 3 2 , -  nH20. Figure 8 is 
a schematic of a single sepiolite cell having the dimen- 
sions of 7 angstroms by 1 3  angstroms. 1 1  
Figure 8 
Schematic of a Single Sepiolite Cell 
(Rautureau and Tchoubar, 1976)  
F i g u r e  9 i s  a p h o t o m i c r o g r a p h  o f  s e p i o l i t e  f r o m  
t h e  Amargosa D e s e r t .  D o m e s t i c  d e p o s i t s  o f  t h e  m i n e r a l  
c a n  b e  f o u n d  n e a r  L i t t l e  C o t t o n  Wood, U t a h  and  i n  t h e  
Amargosa V a l l e y .  The n e e d l e - l i k e  s t r u c t u r e  s u g g e s t s  
t h a t  s e p i o l i t e  may n o t  b e  as e f f e c t i v e  as b e n t o n i t e ,  
w i t h  i t s  p l a t e - l i k e  s t r u c t u r e , i n  c o n t r o l l i n g  f i l t r a t i o n .  
F i g u r e  9 .  P h o t o m i c r o g r a p h  o f  S e p i o l  i t e  f r o m  t h e  Amargosa 
D e s e r t  m a g n i f i e d  2 0 , 3 0 0  t i m e s  ( 1  a n g s t r o m  = 2 .03  cm) .  
P h o t o  c o u r t e s y  o f  I M C O  S e r v i c e s .  
Only a few geothermal wells had been drilled using 
sepiolite in June of 1 9 7 6  at the start o f  this project. 
Many operators are now using sepiolite routinely on their 
geothermal wells. Carney and Meyer12 reported that 2 5 0  
tons had been used in October, 1 9 7 6 .  This represents 
enough material to d r i l l  five o r  more deep geothermal wells. 
In the laboratory studies, lignite muds prepared w i t h  
sepiolite clay had good rheological and static aging char- 
acteristics and poor filtration control properties at 
3 5 O O F - 5 0 0  psi. Combinations of bentonite and sepiolite 
were more effective than sepiolite alone in providing filtra- 
tion control to lignite muds. A ratio o f  3 parts o f  
sepiolite to 1 part of bentonite was very effective in some 
mud formulations. Table 3 shows the effect of substituting 
sepiolite f o r  bentonite on the filtration characteristics and 
on the shear strength developed by a lignite mud. Additional 
viscosity and filtration control data is compiled i n  Appendix 
D - Data Sheet 4 .  
TABLE 3 
EFFECT OF SUBSTITUTING SEPlOLlTE F O R  
BENTONITE ON THE FILTRATE OF A LIGNITE M U D  
Fi 1 trate Shear Strength 
a t  35O0F-5O0 psi lb/100 s q  ft 
36 ml in 30 min. 9 6 0  
215 
7 0  rnl in 1 min. 45 
Bentonite 
Bentonite/Sepiolite 
(S0:50> 52 ml in 20 min. 
Sepiol i te 
S u b s t i t u t i o n  o f  A s b e s t o s  o r  A t t a p u l g i t e  
S p e c i a l l y  p r o c e s s e d  c h r y s o t i l e  a s b e s t o s  i s  u s e d  i n  
l o w  s o l i d s  d r i l l i n g  f l u i d s  t o  i m p r o v e  h o l e  c l e a n i n g .  
M a t e r i a l s  o f  t h i s  t y p e  a r e  e x p e c t e d  t o  r e m a i n  s t a b l e  a t  
h i g h  t e m p e r a t u r e s .  A s b e s t o s  f i b e r  d o e s ,  h o w e v e r ,  p p s e  a 
h e a l t h  h a z a r d  p r o b l e m  i f  i t  g e t s  i n t o  a p e r s o n ' s  l u n g s .  
A s c r e e n i n g  t e s t  was r u n  i n  a p o l y m e r  mud t o  d e t e r m i n e  i f  
f u r t h e r  w o r k  was i n d i c a t e d .  T h e  f i l t r a t i o n  c o n t r o l  
p r o p e r t i e s  o f  t h e  p o l y m e r  mud p r e p a r e d  w i t h  a s b e s t o s  w e r e  
v e r y  p o o r .  Work  o n  a s b e s t o s  was d i s c o n t i n u e d  b a s e d  o n  
r e s u l t s  o f  t h e  s c r e e n i n g  t e s t  a n d  o n  t h e  r e s t r i c t e d  u s e  o f  
a m a t e r i a l  w h i c h  c o u l d  p o s e  a h e a l t h  h a z a r d  t o  d r i l l i n g  
p e r s o n n e l .  
A t t a p u l g i t e  i s  a c l a y  m i n e r a l  u s e d  i n  d r i l l i n g  o p e r a t i o n s  
t o  i m p a r t  v i s c o s i t y  t o  s a l t  w a t e r  s y s t e m s .  C o m m e r c i a l  
d e p o s i t s  a r e  m i n e d  i n  s o u t h w e s t e r n  G e o r g i a  a n d  n o r t h w e s t e r n  
F l o r i d a .  T h e  m a t e r i a l  i s  s i m i l a r  t o  s e p i o l i t e  i n  s t r u c t u r e  
a s  shown b y  t h e  n e e d l e - l i k e  s h a p e  o f  t h e  p a r t i c l e s  i n  t h e  
e l e c t r o n  m i c r o g r a p h  i n  F i g u r e  10.  
10 
A s c r e e n i n g  t e s t  was r u n  w i t h  a t t a p u l g i t e  i n  a p o l y m e r  
mud. T e s t  r e s u l t s  i n d i c a t e  t h a t  f u r t h e r  w o r k  m u s t  b e  d o n e  
i n  o r d e r  t o  f o r m u l a t e  g e o t h e r m a l  muds f r o m  a t t a p u l g i t e .  A 
d e c i s i o n  was made t o  w o r k  w i t h  s e p i o l i t e .  i n f o r m a t i o n  
g a i n e d  f r o m  t h e  s e p i o l i t e  s t u d y  m i g h t  b e  a p p l i c a b l e  t o  mud 
s y s t e m s  p r e p a r e d  f r o m  a t t a p u l g i t e .  
- 
2 5  
F i g u r e  2. E l e c t r o n  m i c r o g r a p h  o f  A t t a p u l g i t e  m a g n i f i e d  
45,000 t i m e s  ( R o g e r s ,  1963) 
2 6  
2 7  
CHAPTER 3 
F ILTRATION CONTROL ADDITIVES 
I n t r o d  u c t i.0 n 
F i l t r a t i o n  t e s t s  w e r e  c o n d u c t e d  a t  room t e m p e r a t u r e  
a n d  a t  35OoF w i t h  a d i f f e r e n t i a l  p r e s s u r e  o f  500  p s i  a s  
d e s c r i b e d  i n  A P I  R P  1 3  B .  l 4  
o f  a f i l t r a t e  b e i n g  
F i g u r e  1 1  shows a p h o t o g r a p h  
r u n  a t  3 5 O o F .  
F i g u r e  1 1  
F i l t r a t e  B e i n g  Run a t  3 5 O o F  - 5 0 0  p s i  

A brown coal a n d  sodium polyacrylate were effective in 
controlling the filtrate of m u d  formulated with a combination 
of sepiolite a n d  bentonite. Regular d r i l l i n g  m u d  lignite 
a n d  lignites preheated to 500°F in a i r  o r  nitrogen were less 
effective t h a n  the brown coal. Finely ground limestone or 
precipitated calcium carbonate h a d  little effect on the 
filtration characteristics of a geothermal m u d .  A sulfonated 
residuum was also ineffective in laboratory filtration tests. 
Results 
Coal Compounds 
The general category of coal includes not o n l y  h a r d  
anthracite, b u t  also several softer grades which are normally 
located closer to the surface t h a n  the h a r d  coals. A soft 
spongy material known as peat is generally considered t h e  
s t a r t i n g  point in the formation of coal. A s  peat is buried, 
i t  becomes more compact to form a material called brown coal 
o r  lignite. If the lignite is moved toward the surface b y  
tectonic action and is exposed to a i r ,  i t  becomes partially 
oxidized a n d  is called leonardite. This material is normally 
used i n  d r i l l i n g  m u d s  to control the rheological a n d  
f i l t r a t i o n  control properties of m u d s .  Leonardite i s  
commonly called lignite b y  d r i l l i n g  m u d  industry personnel. 
P r o c e s s e d  D r i l l i n g  Mud L i g n i t e  
G e o t h e r m a l  muds p r e p a r e d  f r o m  l i g n i t e  h e a t e d  i n  a i r  t o  
5OO0F h a d  h i g h  y i e l d  p o i n t s  and  p o o r  f i l t r a t i o n  c o n t r o l  
c h a r a c t e r i s t i c s .  G e o t h e r m a l  muds p r e p a r e d  f r o m  1 i g n i t e  
h e a t e d  i n  n i t r o g e n  t o  500°F h a d  b e t t e r  r h e o l o g i c a l  p r o p e r t i e s  
b u t  a l s o  e x h i b i t e d  p o o r  f i l t r a t i o n  c o n t r o l  c h a r a c t e r i s t i c s .  
I n  l i g h t  o f  t h e  p o o r  mud p e r f o r m a n c e  a n d  k n o w l e d g e  o f  t h e  
f i r e  h a z a r d  p o s e d  b y  h i g h  t e m p e r a t u r e  p r o c e s s i n g  o f  l i g n i t e ,  
w o r k  o n  r o a s t i n g  l i g n i t e  was d i s c o n t i n u e d .  
G e o t h e r m a l  muds p r e p a r e d  f r o m  c h r o m e  l i g n i t e  h a d  g o o d  
f i l t r a t i o n  c o n t r o l  c h a r a c t e r i s t i c s  i n i t i a l l y ;  h o w e v e r ,  a f t e r  
s t a t i c  e x p o s u r e  t o  t e m p e r a t u r e  o f  5OO0F,  t h e s e  muds f i l t e r e d  
a p p r o x i m a t e l y  t h e  same a m o u n t s  as  muds made f r o m  r e g u l a r  
l i g n i t e  a n d  s o d i u m  c h r o m a t e .  T a b l e  4 shows a c o m p a r i s o n  o f  
t h e  f i l t r a t i o n  p r o p e r t i e s  o f  muds p r e p a r e d  f r o m  r e g u l a r  
l i g n i t e  a n d  s o d i u m  c h r o m a t e  w i t h  t h o s e  o f  muds p r e p a r e d  f r o m  
c h r o m e  l i g n i t e .  A d d i t i o n a l  d a t a  i s  a v a i l a b l e  i n  A p p e n d i x  D - 
D a t a  S h e e t  1 a n d  A p p e n d i x  F - D a t a  S h e e t  1 3 .  
TABLE 4 
FILTRATE O F  MUDS P R E P A R E D  W I T H  C H R O M E  L I G N I T E  O R  
WITH REGULAR L I G N I T E  A N D  S O D I U M  C H R O M A T E  
F i  1 t r a t e  a t  350°F-500  D s i  
A f t e r o 1 6  H o u r s  
I n i t i a l l y  A t  500 f - 3 7 5  p s i  
R e g u l a r  L i g n i t e  a n d  
S o d i u m  C h r o m a t e  
Chrome L i g n i t e  
2 0 . 6  3 6 . 0  
2 4 . 0  4 2 . 0  
B r o w n  C o a 1 , D r i l l i n g  M u d  L i g n i t e  a n d  1 3 6 9 - l 0 A  
A s e p i o l i t e / b e n t o n i t e  m u d  t r e a t e d  w i t h  20 Ib/bbl of 
b r o w n  c p a l  a n d  2.5 lb/bbl of s o d i u m  p o l y a c r y l a t e  h a d  g o o d  
f i l t r a t i o n  c o n t r o l  p r o p e r t i e s  i n i t i a l l y ,  a f t e r  r o l l i n g  a t  
15OoF, a n d  a f t e r  s t a t i c  a g i n g  a t  500°F-375 psi. T h e  m u d  
w a s  e x t r e m e l y  s t a b l e  as i n d i c a t e d  in T a b l e  5 w h i c h  s h o w s  
a c o m p a r i s o n  of t h e  m u d  f i l t r a t e  w i t h  t h a t  o f  r e g u l a r  
d r i l l i n g  m u d  l i g n i t e  i n i t i a l l y  a n d  a f t e r  s t a t i c  a g i n g  24 
h o u r s  a t  500°F-375 psi. 
A l s o  s h o w n  in T a b l e  5 is 1369-l0A, c o a l - l i k e  m a t e r i a l  
s u b m i t t e d  by U n i o n  C a m p  C o r p o r a t i o n .  T h i s  m a t e r i a l  l o o k e d  
v e r y  p r o m i s i n g  o n  i n i t i a l  t e s t i n g ,  b u t  h a d  a h i g h  f i l t r a t e  a t  
350°F-500 psi a f t e r  s t a t i c  a g i n g  24 h o u r s  a t  500°F-375 psi. 
A p p e n d i x  E - D a t a  S h e e t  I I  c o n t a i n s  a c o m p l e t e  t a b u l a t i o n  of 
t h e  data. 
T A B L E  5 
C O M P A R I S O N  O F  T H E  F I L T R A T I O N  C H A R A C T E R I S T I C S  O F  
D R I L L I N G  M U D  L I G N I T E ,  B R O W N  C O A L ,  A N D  1 3 6 9 - 1 0 A  I N  A 
S E P I O L I T E / B E N T O N I T E  M U D  T R E A T E D  W I T H  S O D I U M  P O L Y A C R Y L A T E  
Fi 1 t r a t e  a t  350°F-500 psi 
A f t e r  S t a t i c  A g i n g  
I n i t i a l  ly A t  500°F-375 p s  i 
D r i l l i n g  M u d  L i g n i t e  26.6 
B r o w n  C o a l  26.2 
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L i m e s t o n e  a n d  P r e c i D i t a t e d  C a l c i u m  C a r b o n a t e  
C r u s h e d  l i m e s t o n e  w i t h  a p a r t i c l e  s i z e  r a n g i n g  f r o m  
0.2 m i c r o n s  t o  10 m i c r o n s  i s  c o m m e r c i a l l y  a v a i l a b l e .  A 
p u r e r  f o r m  o f  c a l c i u m  c a r b o n a t e  w i t h  a p a r t i c l e  s i z e  
r a n g i n g  f r o m  0 . 2  t o  4 m i c r o n s  i s  a l s o  a v a i l a b l e  as  
p r e c i p i t a t e d  c a l c i u m  c a r b o n a t e .  P a r t i c l e s  o f  t h i s  s i z e  c a n  
i m p r o v e  t h e  f i l t r a t i o n  c h a r a c t e r i s t i c s  o f  d r i l l i n g  f l u i d s ;  
t h e r e f o r e ,  t h e s e  m a t e r i a l s  w e r e  t e s t e d  i n  a s e p i o l i t e /  
b e n t o n i t e  mud. N e i t h e r  f i n e l y  g r o u n d  l i m e s t o n e  n o r  
p r e c i p i t a t e d  c a l c i u m  c a r b o n a t e  h a d  a n  a p p r e c i a b l e  e f f e c t  on 
t h e  A P I  F i l t r a t e  o f  a s e p i o l i t e / b e n t o n i t e  mud. 
A s  s h o w n  i n  T a b l e  6, t h e  A P I  F i l t r a t e  o f  t h e  b a s i c  c l a y s  
was a c t u a l l y  h i g h e r  a f t e r  a d d i t i o n  o f  l i m e s t o n e  o r  
p r e c i p i t a t e d  c a l c i u m  c a r b o n a t e .  
TABLE 6 
EFFECT OF C R U S H E D  LIMESTONE O R  PRECIPITATED 
CALCIUM CARBONATE O N  THE A P I  F ILTRATE 
OF A SEPIOLITE/BENTONITE M U D  
A P I  F i l t r a t e ,  m l  
pH = 9 pH = 10  
- U n t r e a t e d  mud 
3 0 . 7  Mud w i t h  P r e c i p i t a t e d  CaCO 
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S u l f o n a t e d  R e s i d u u m  
A s p h a l t i c  r e s i d u u m  m a t e r i a l s  a r e  s o m e t i m e s  u s e d  to 
i m p r o v e  t h e  f i l t r a t i o n  c o n t r o l  c h a r a c t e r i s t i c s  o f  d r i l l i n g  
m u d s .  A s u l f o n a t e d  r e s i d u u m  m a r k e t e d  by D r i l l i n g  S p e c i a l t i e s ,  
a s  S o l t e x  w a s  t e s t e d  in a s e p i o l i t e / b e n t o n i t e  m u d  a n d  in a 
b e n t o n i t e / l i g n i t e  m u d .  A d d i t i o n  of t h e  s u l t o n a t e d  r e s i d u u m  
h a d  v e r y  l i t t l e  e f f e c t  o n  t h e  f i l t r a t e  o f  e i t h e r  m u d  a s  s h o w n  
in T a b l e  7 a n d  in A p p e n d i x  E - D a t a  S h e e t s  8 a n d  9. 
T A B L E  7 I 
E F F E C T  O F  S U L F O N A T E D  R E S l D l U M  O N  T H E  
F I L T R A - T I O N  C O N T R O L  C H A R A C T E R I S T I C S  O F  M U D S  
A P  1 F i l t r a t e  a t  
B e n t o n i t e / L i g n i t e  M u d  Fi 1 t r a t e  3 5 O 0 F - 5 O 0  psi 
S t a t i c  A g e d  16 H o u r s  a t  500°F-375 psi 
U n t r e a t e d  M u d  
S u l f o n a t e d  Residiurn 
S e p i o l i t e / B e n t o n i t e  M u d  
R o l l e d  16 H o u r s  a t  1 5 O o F  
U n t r e a t e d  M u d  







Additions of.sodium polyacrylate increased the yield 
point of bentonite/lignite m u d s .  Therefore, the bentonite 
concentration was reduced i n  these m u d s  as the sodium 
polyacrylate concentration was increased so a s  to m a i n t a i n  
m u d s  which were pumpable. Filtration control was maintained 
at the lower bentonite concentrations b y  the increased 
amounts of sodium polyacrylate. Table 8 shows the effect of 
increased sodium polyacrylate on m u d  rheology, shear strength 
development at 5OO0F a n d  filtrate a t  35OOF-500 psi. Appendix 
E - Data Sheet 6 contains a complete tabulation of the d a t a .  
Ben ton i te 
T A B L E  8 
EFFECT O F  I N C R E A S E D  S O D I U M  
~ 
POLYACRYLATE ON M U D  PROPERTIES 
Bentonite/Lignite M u d s  
1 b/bbl 25 20 15 10 
Sodium Polyacrylate, lb/bbl 0 1 2 4 
Stabilized Rheological Properties 
Plastic Viscosity, cp 
Yield Point, lb/100 sq f t  
Properties After Static A g i n g  
at 500°F-375 psi 
20 
7 
Shear Strength, lb/100 sq f t  960 
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M i l t e m p  a n d  C y a n a m e r  2 4 4 A ,  p r o p r i e t a r y  a d d i t i v e s  s o l d  
by M i l c h e m ,  I n c o r p o r a t e d ,  a n d  A m e r i c a n  C y a n a m i d  C o m p a n y ,  
r e s p e c t i v e l y ,  r e d u c e d  t h e  s h e a r  s t r e n g t h  d e v e l o p m e n t  in 
b e n t o n i t e / l i g n i t e  m u d s ,  b u t  h a d  l i t t l e  o r  n o  e f f e c t  o n  t h e  
f i l t r a t i o n  c h a r a c t e r i s t i c s  o f  t h e  m u d s .  V a r i o u s  m u d  
f o r m u l a t i o n s  c o n t a i n i n g  t h e s e  m a t e r i a l s  c a n  b e  f o u n d  in 
A p p e n d i c e s  D a n d  E. 
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CHAPTER 4 
T H  I NNERS A N D  SURFACTANTS 
Introduction 
Many drilling mud additives a r e  available t o  reduce 
the viscosity of a mud o r  t o  thin the drilling mud. S o m e  
of these materials function by neutralizing e d g e  charges 
o n  the dispersed bentonite platelets in the mud. Others 
coat the clay platelets t o  keep them from associating a t  
high temperatures. S o m e  o f  these additives a l s o  function 
as filtration control additives and w e r e  discussed in 
Chapter 3 .  
T h e  effect of the following materials o n  mud viscosity 
were studied: 
1 .  Lignite derivatives including chrome lignite 
and commercially available proprietary 
materials sold a s  Resinex and Poly R and a 
X ’  
,sample of brown coal submitted by American 
Colloid. 
2 .  A proprietary organic thinner, Desco. 
3 .  A commercial surfactant, Aktaflo-S, and an 
experimental material submitted by Milliken 
Chemi c a  1 s . 
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Summary 
G e o t h e r m a l  mud f o r m u l a t i o n s  c o n t a i n i n g  l a r g e  a m o u n t s  
o f  d r i l l i n g  mud b e n t o n i t e  h a d  s u i t a b l e  v i s c o s i t y  when 
s t a b i  1 i z e d  a t  15OoF, b u t  g e l  l e d  e x c e s s i v e l y  when e x p o s e d  
t o  t e m p e r a t u r e s  o f  50OoF. T h e  t h i n n e r s  a n d  s u r f a c t a n t s  
t e s t e d  i n  t h i s  s t u d y  w e r e  i n e f f e c t i v e  i n  p r e v e n t i n g  t h e  
s o l i d i f i c a t i o n  o f  t h e s e  muds.  O n l y  b y  r e d u c i n g  t h e  a m o u n t  
o f  s o d i u m  b e n t o n i t e  i n  t h e  mud f o r m u l a t i o n  w e r e  a c c e p t a b l e  
mud p r o p e r t i e s  o b t a i n e d  a f t e r  h i g h  t e m p e r a t u r e  e x p o s u r e .  
Results 
Lignite Derivatives 
T h e  proprietary lignite derivatives w e r e  o n l y  partially 
successful in suppressing the gelation o f  mud containing 
20 lb/bbl of bentonite a t  high temperatures. A combination 
of bentonite (5 lb/bbl) and sepiolite (15 lb/bbl) w h e n  
treated with s o d i u m  polyacrylate and lignite, brown coal o r  
a proprietary lignite derivative had good viscosity 
characteristics a s  s h o w n  in T a b l e  9. 
TABLE 9 
VISCOSITY CHARACTERISTICS OF SEPIOLITE/BENTONITE 
M U D  T R E A T E D  W I T H  SODIUM POLYACRYLATE AND BROWN C O A L ,  
RESINEX, O R  REGULAR DRILLING MUD LIGNITE 
Initial 
BROWN COAL (20 lb/bbl) 
Plastic Viscosity, c p  28 
Y i e l d  P o i n t ,  lb/100 s q  f t  13 
S h e a r  Strength, l b / 1 0 0  s q  f t  0 
Af t e r  24 Hours 
a t  5OOOF-375 psi 
1 8  
2 5  
8 0  
I RESINEX ( 6  lb/bbl) I 
1 P l a s t i c  Viscosity, c p  13 
S h e a r  Strength, lb/100 s q  f t  0 
1 Yield Point, lb/100 s q  f t  8 
REGULAR LIGNITE (20 lb/bbl) 
P l a s t i c  Viscosity, c p  17 
Yield Point, lb/100 s q  ft 1 
S h e a r  S t r e n g t h ,  lb/100 s q  f t  0 
2 5  
12 
7 0  
7 
9 
7 0  
. 4 0  
T h e  o r g a n i c  t h i n n e r ,  D e s c o ,  was e f f e c t i v e  i n  
m a i n t a i n i n g  low v i s c o s i t y  a n d  g e l  s t r e n g t h s  i n  a b e n t o n i t e /  
l i g n i t e  mud a f t e r  e x p o s u r e  t o  t e m p e r a t u r e s  o f  50OoF.  The  
mud d i d ,  h o w e v e r ,  d e v e l o p  a h i g h  s h e a r  s t r e n g t h  a n d  h a d  a 
v e r y  h i g h  f i l t r a t e  a f t e r  s t a t i c  a g i n g  a t  5OO0F as  shown i n  
A p p e n d i x  F - D a t a  S h e e t  1 4 .  
S e v e r e  a i r  e n t r a p m e n t  o c c u r r e d  when A k t a f l o  S o r  
P 3 3 4 - 1 0 K  was a d d e d  t o  a s e p i o l i t e / b e n t o n i t e  mud t r e a t e d  
w i t h  R e s i n e x .  N e i t h e r  o f  t h e  s u r f a c t a n t s  i m p r o v e d  t h e  
r h e o l o g i c a l  o r  t h e  f i l t r a t i o n  c o n t r o l  c h a r a c t e r i s t i c s  o f  
t h e  mud. A c o m p l e t e  l i s t i n g  o f  a l l  d a t a  o b t a i n e d  c a n  b e  
f o u n d  i n  A p p e n d i x  F .  
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CHAPTER 5 
NOVEL GEOTHERMAL DRILLING FLUID 
I n t r o d u c t  i on  
I n  o r d e r  t o  compare  t h e  p e r f o r m a n c e  o f  a mud f o r m u l a t i o n  
/ 
d e v e l o p e d  i n  t h i s  s t u d y ,  l a b o r a t o r y  t e s t s  w e r e  c o n d u c t e d  o n  
t h e  mud s i m i l a r  t o  t h o s e  c o n d u c t e d  i n  a p r e v i o u s  s t u d y  o n  
c o m m e r c i a l l y  a v a i l a b l e  muds.16 
c o d e  l e t t e r s  and  a g e n e r i c  l i s t  o f  t h e  c o n s t i t u e n t s  u s e d  was 
i n c l u d e d .  The p r i c e  o f  e a c h  mud was a l s o  g i v e n .  T a b l e  10 
shows t h e  c u r r e n t  p r i c e s  o f  t h e s e  m'uds a l o n g  w i t h , a n  e s t i m a t e d  
p r i c e  o f  $ 1 3 . 0 0 / b b l  f o r  t h e  n o v e l  g e o t h e r m a l  mud. The mud 
d e v e l o p e d  i n  t h i s  s t u d y  h a s  b e t t e r  h i g h  t e m p e r a t u r e  
c h a r a c t e r i s t i c s  and  i s  c o m p e t i t i v e  i n  c o s t .  
The muds w e r e  i d e n t i f i e d  by 
C u r r e n t  p r a c t i c e  o n  many g e o t h e r m a l  w e l l s  i s  t o  u s e  muds 
w h i c h  a r e  l e s s  e x p e n s i v e  and  a r e  more  s e n s i t i v e  t o  t h i c k e n i n g  
a t  e l e v a t e d  t e m p e r a t u r e s  t h a n  t h a t  w h i c h  was d e v e l o p e d  i n  t h i s  
s t u d y .  I n  o r d e r  t o  m a i n t a i n  t h e  p r o p e r t i e s  o f  t h e s e  muds, t h e  
t h e r m a l l y  d e g r a d e d  c o n s t i t u e n t s  m u s t  b e  c o n t i n u a l l y  r e p l a c e d .  





M U D  COMPOSITIONS A N D  COST O F  UNWEIGHTED WATER MUDS 
M u d  Cost, $/bbl. Composition 
Novel M u d  $13.00 Sodium bentonite 
Sepiol i te 
Brown coal 
Sodium polyacrylate 






1 2 . 0 5  
24 .00  
























Aspha 1 t 
- Diesel oil 
Sodium bentonite 
Sepiol i te 
Polymer 
Sodium hydroxide 
4 3  
Summa rv 
The following novel geothermal mud formulation h a d  
the best overall h i g h  temperature properties of any of the 
muds tested in this study: 
Water 1.0 b b l  
Sepiol i te 1 5 . 0  l b  
Bentonite 5.0 l b  
Brown Coal 20.0 l b  
Sodium Polyacrylate 2.5 l b  
Sodium Hydroxide 2.0 l b  
The m u d  was compounded from both sepiolite and 
bentonite in order to take advantage of the h i g h  temperature 
stability of sepiolite and the filtration control properties 
of bentonite. Brown coal, identified as North Dakota premium 
lignite, and sodium polyacrylate were added to the m u d  to 
stabilize the h i g h  temperature filtrate. Sodium hydroxide 
was used to maintain the mud in an alkaline state. Table I I  
shows an analysis o f  brown coal a n d  regular d r i l l i n g  m u d  
lignite. 
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TABLE 1 1  
COMPARISON OF B R O W N  COAL A N D  
REGULAR D R I L L I N G  M U D  L I G N I T E  
Brown C o a l  R e g u l a r  L i g n i t e  
M o i s t u r e ,  % b y  w t .  
A s h ,  % by  w t . *  
pH o f  5 %  d i s p e r s i o n  i n  d i s t i l l e d  
wa t e r ;: 
S o l u b i l i t y f t i n  2 %  NaOH 
S o l u b l e  S a l t s *  
C a l c i u m ,  ppm 
M a g n e s i u m ,  ppm 
S u l f a t e ,  ppm 
C h l o r i d e ,  ppm 
* D r y  B a s i s  
3 0  
16 
5 . 3  
6 
6 7 0  
N i  1 
6 8 0 0  
4 
1 7  
2 6  
4 . 1  
69 
7 7 0 0  
6 0 0  
3 2 , 8 0 0  
6 
4 5  
R e s u l t s  
S t a t i c  T e s t s  
A s t a t i c  t e s t  was r u n  t o  e v a l u a t e  t h e  p e r f o r m a n c e  o f  
t h e  n o v e l  mud u n d e r  n o n - c i r c u l a t i o n  c o n d i t i o n s .  The t e s t  
was c o n d u c t e d  f o r  24  h o u r s  a t  4 5 O o F  and  a t  5OO0F i n  o r d e r  
t o  compare  t h e  mud c h a r a c t e r i s t i c s  w i t h  t h o s e  o f  p r e v i o u s l y  
t e s t e d  c o m m e r c i a l l y  a v a i l a b l e  muds. The t e s t s  c o n s i s t e d  
o f  p l a c i n g  a 350ml  s a m p l e  o f  mud i n  a 500ml  s t a i n l e s s  s t e e l  
c o n t a i n e r ,  a p p l y i n g  n i t r o g e n  p r e s s u r e ,  and  p l a c i n g  t h e  
c o n t a i n e r  i n  a p r e h e a t e d  o v e n  f o r  24 h o u r s .  The s a m p l e  was 
removed  and t h e  v a r i o u s  mud p r o p e r t i e s  w e r e  m e a s u r e d .  
F i l t r a t i o n  C o n t r o l  
F i g u r e  1 2  shows t h e  f i l t r a t e  o f  t h e  muds a t  350°F-500 p s i  
i n i t i a l l y  a n d  a f t e r  s t a t i c  e x p o s u r e  t o  t h e  e l e v a t e d  t e m p e r a -  
t u r e s .  T h r e e  of t h e  c o m m e r c i a l l y  a v a i l a b l e  muds h a d  f i l t r a t e s  
w h i c h  w e r e  l o w e r  t h a n  t h a t  o f  t h e  n o v e l  g e o t h e r m a l  mud 
i n i t i a l l y  a n d  t w o  w e r e  l o w e r  a f t e r  s t a t i c  a g i n g  a t  45OoF, b u t  
n o n e  o f  t h e  c o m m e r c i a l l y  a v a i l a b l e  muds w e r e  a s  s t a b l e  a s  t h e  
n o v e l  mud a f t e r  s t a t i c  a g i n g  a t  50OoF. 
M U D  
TEMP 
NOVEL 

































I I I 
W T Y P I C A L  RANGE 
FILTRATE OF M U D  BEFORE STATIC AGING 
FIG. 12. FILTRATE OF UNWEIGHTED WATER MUDS 
STATIC AGED 24 HOURS AT THE INDICATED 
TEMPERATURES AND PRESSURES 
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Shear Strenath 
The shear strength developed by a m u d  is an indication 
of the severity of gelation which occurs when the m u d  is 
exposed to elevated temperatures. The lower the shear 
strength, the better the chances of getting logging tools 
to bottom. Muds which develop a low shear strength would also 
cause fewer problems with hydraulically fracturing the 
formations after trips to change bits. Figure 1 3  shows 
that the novel geothermal m u d  system developed very low 
shear strength at 4 5 O o F  a n d  a t  50OoF. Only one of the 
commercially available muds, M u d  E ,  was consistently lower 
than the novel geothermal mud. M u d s  B a n d  C developed lower 
shear strengths at 5OO0F than the novel geothermal mud. 
4 8  
TEMP 
M U D  
NOVEL 


























FIG. 13. SHEAR STRENGTH DEVELOPED BY UNWEIGHTED 
WATER MUDS STATIC AGED 24 HOURS 
AT 45OOF AND 50OOF 
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Dvnamic  T e s t s  
F i  1 t r a t e  
A d y n a m i c  t e s t  was r u n  t o  compare  t h e  p e r f o r m a n c e  o f  
t h e  n o v e l  mud a t  35OoF w i t h  t h a t  o f  muds p r e v i o u s l y  t e s t e d .  
The t e s t s  c o n s i s t e d  o f  p l a c i n g  a 350-1111 s a m p l e  o f  t h e  mud 
i n  a 500 -m l  s t e e l  c o n t a i n e r ,  a p p l y i n g  300  p s i  o f  n i t r o g e n  
p r e s s u r e ,  t h e n  r o l l i n g  t h e  c o n t a i n e r  i n  an  o v e n  a t  350 F 
f o r  a f i x e d  p e r i o d  o f  t i m e .  The mud s a m p l e  was t h e n  removed  
a n d  t h e  v a r i o u s  mud p r o p e r t i e s  w e r e  m e a s u r e d .  
0 
F i g u r e  1 4  shows' t h a t  t h e - f i l t r a t e  o f  t h e  n o v e l  
g e o t h e r m a l  mud was e x t r e m e l y  s t a b l e  e v e n  a f t e r  p r o l o n g e d  
e x p o s u r e  a t  35OoF i n  r o l l i n g  t e s t s .  O n l y  one  o f  t h e  commer- 
c i a l l y  a v a i l a b l e  muds, Mud C ,  h a d  a c o n s i s t e n t l y  l o w e r  
f i l t r a t e  i n  t h e s e  t e s t s ;  a n d  i t  b r o k e  down a t  5OO0F as was 
shown i n  t h e  s e c t i o n  u n d e r  s t a t i c  t e s t s .  Muds B a n d  D w h i c h  
a r e  as  s t a b l e  as  t h e  n o v e l  g e o t h e r m a l  mud a t  3 5 O o F  a l s o  b r o k e  
down a t  50OoF. 
Y i e l d  P o i n t  
The v i s c o s i t y  o f  t h e  n o v e l  g e o t h e r m a l  mud as i n d i c a t e d  
b y  y i e l d  p o i n t  m e a s u r e m e n t s  was h i g h e r  t h a n  t h a t  o f  t h e  
c o m m e r c i a l l y  a v a i l a b l e  muds i n i t i a l l y .  F i g u r e  1 5  shows t h a t  
w i t h  p r o l o n g e d  e x p o s u r e  a t  35OoF t h e  y i e l d  p o i n t  was r e d u c e d  
t o  v a l u e s  w h i c h  a r e  c o n s i d e r e d  a c c e p t a b l e .  M o s t  o f  t h e  
c o m m e r c i a l  muds h a d  a c c e p t i b l e  v i s c o s i t y  a f t e r  r o l l i n g  a t  
3 5 O o F .  O n l y  Mud A d e v e l o p e d  e x t r e m e l y  h i g h  v i s c o s i t y .  Muds 
B a n d  D w e r e  o n l y  s l i g h t l y  t h i c k e r  t h a n  d e s i r a b l e .  
M U D  HOURS 
NOVEL 
M U D  
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I I I 
I I 
1 I i  TYPICAL J 
RANGE 
W7d FILTRATE OF M U D  BEFORE ROLLING AT 350OF 
FIG. 14. FlLTRATE OF UNWEIGt 
AFTER ROLLING AT 35 
TED WATER MUDS 
OF - 300 PSI 
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YIELD POINT OF MUD BEFORE ROLLING AT 35OOF 
FIG. 15. YIELD POINT OF UNWEIGHTED WATER MUDS 
AFTER ROLLING AT 35OOF - 300 PSI 
C o n s i s t o m e t e r  T e s t  
T h e  F a n n  C o n s i s t o m e t e r  was d e s i g n e d  t o  m e a s u r e  t h e  
v i s c o s i t y  of s l u r r i e s  u n d e r  t e m p e r a t u r e  a n d  p r e s s u r e .  Muds 
c a n  b e  h e a t e d  t o  S O O O F  u n d e r  p r e s s u r e s  of u p  t o  15,000 p s i  
w h i  l e  v i s c o s i t y  m e a s u r e m e n t s  a r e  made. T h e  n o v e l  g e o t h e r m a l  
mud h a d  g o o d  v i s c o s i t y  c h a r a c t e r i s t i c s  i n  c o n s i s t o m e t e r  t e s t s  
a t  1 0 , 0 0 0  p s i .  F i g u r e  16  shows  t h a t  t h e  v i s c o s i t y  of t h e  
n o v e l  g e o t h e r m a l  mud d e c r e a s e d  f r o m  1 0  c p  t o  0 . 5  c p  a s  t h e  
t e m p e r a t u r e  was i n c r e a s e d  f r o m  100°F t o  5 O O O F .  T h e  v i s c o s i t y  
i n c r e a s e d  t o  1 2  c p  a s  t h e  mud was c o o l e d  t o  100°F.  
i n c r e a s e d  v i s c o s i t y  i s  t h e  r e s u l t  o f  t h e r m a l  d e g r a d a t i o n .  
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FIG. 16. VISCOSITY OF NOVEL GEOTHERMAL MUD 
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C h a p t e r  6 
C O R R O S I O N  CHARACTERISTICS OF THE NOVEL 
GEOTHERMAL DRILLING M U D  
S U M M A R Y  
The  n o v e l  g e o t h e r m a l  mud d i s c u s s e d  i n  C h a p t e r  5 i s  
much l e s s  c o r r o s i v e  t h a n  m o s t  o f  t h e  g e o t h e r m a l  muds 
w h i  c h  w e r e  p r e v i o u s l y  t e s t e d .  l 4  
c o r r o s i o n  r a t e s  i n  d y n a m i c  t e s t s  a t  350°F and  i n  s t a t i c  
t e s t s  a t  500OF. The c o r r o s i o n  r a t e  o f  t h e  n o v e l  mud i s  
f a r  b e l o w  t h e  d a n g e r  l e v e l  w h i c h  i s  n o r m a l l y  c o n s i d e r e d  
t o  b e  a b o u t  50 m i l s  p e r  y e a r  ( m p y ) .  O n l y  g e n e r a l i z e d  
c o r r o s i o n  was i n  e v i d e n c e  and  n o  l o c a l i z e d  c o r r o s i v e  
a t t a c k  was o b s e r v e d  o n  t h e  c o r r o s i o n  c o u p o n s .  No i r o n  
s u l f i d e  was d e t e c t e d  i n  t h e  c o r r o s i o n  p r o d u c t s  f o r m e d  a t  
35OoF o r  a t  50OoF. P r e s t r e s s e d  r o l l e r  b e a r i n g s  d i d  n o t  
c r a c k  when e x p o s e d  t o  t h e  mud a t  5OO0F u n d e r  s t a t i c  c o n -  
d i t i o n s ,  b u t  d i d  c r a c k  i n  d y n a m i c  t e s t s  a t  35OOF. 
I t  e x h i b i t e d  l o w  
C O R R O S  I O N  RATE STUD I E S  
L a b o r a t o r y  t e s t s  w e r e  c o n d u c t e d  w i t h  p r e w e i g h e d  m i l d  
s t e e l  c o u p o n s  m o u n t e d  i n  t h e  c a p  o f  a s t a i n l e s s  s t e e l  c e l l  
and  i n s u l a t e d  f r o m  t h e  c e l l  b y  T e f l o n  g r o m e t s .  The n o v e l  
g e o t h e r m a l  mud was p l a c e d  i n  t h e  c e l l ,  p r e s s u r e d  w i t h  
n i t r o g e n  gas  t o ' 3 0 0  p s i  and  r o l l e d  f o r  v a r i o u s  p e r i o d s  o f  
t i m e  a t  3 5 O o F .  S e p a r a t e  s a m p l e s  o f  t h e  mud w e r e  p r e s s u r e d  
w i t h  n i t r o g e n  t o  3 7 5  p s i  a n d  a l l o w e d  t o  r e m a i n  q u i e s c e n t  
f o r  2 4  h o u r s  a t  500' F.  A t  t h e  c o n c l u s i o n  o f  t h e  t i m e  
p e r i o d ,  t h e  c o r r o s i o n  c o u p o n s  w e r e  i n s p e c t e d  f o r  t h e  
p r e s e n c e  o f  p i t t i n g  o r  i r o n  s u l f i d e ,  c l e a n e d ,  and  r e w e i g h e d .  
F i g u r e  1 7  shows a c o m p a r i s o n  o f  t h e  c o r r o s i o n  r a t e  o f  t h e  
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o f  
1 4  
n o v e l  mud s y s t e m  w i t h  p u b l i s h e d  c o r r o s i o n  r a t e s  
c o m m e r c i a l l y  a v a i l a b l e  mud s y s t e m s .  T h e  d y n a m i c  c o r r o s i o n  
r a t e  m e a s u r e d  i n  t h e  6 4  h o u r  t e s t  was u s e d  i n  F i g u r e  1 7  a s  
a n  i n d i c a t i o n  o f  t h e  r a t e  e x p e c t e d  d u r i n g  a l o n g  t e r m  t e s t .  
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FIG. 17. CORROSION RATE OF MILD STEEL 
BY WEIGHT LOSS MEASUREMENT 
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Prestressed roller bearings which had been banded with 
Teflon O-rings were also immersed in the novel m u d  d u r i n g  
the dynamic a n d  static tests. The roller bearings were 
inspected to determine whether or not cracking h a d  occurred 
a n d  for the presence o f  p i t t i n g  or iron sulfide. Table 12 
shows the effect of the novel m u d  on the prestressed bearings 
a n d  on the m i l d  steel d u r i n g  exposure a t  elevated temperatures. 
Also included in Table 12 is previously published results 
obtained with commercially available m u d s .  l 4  
l i s t i n g  of a l l  tests is given i n  Appendix G - Data Sheet 20. 
A detailed 
5 7  
i 
~ 
TABLE 1 2  
CONDITION OF C O R R O S I O N  C O U P O N S  AFTER 
TESTING I N  UNWEIGHTED WATER M U D S  
H Y D R O G E N  P R E S E N C E  
TEMP. TYPE EMBRITTLEMENT OF I R O N  
M U D  O F  OF TEST TENDENCY SULFIDE 
N o v e l  3 5 0  D P N 
Mud 5 0 0  S N N 
A 3 5 0  D P N 
5 0 0  S N N 
B 3 50 D -  N N 
5 0 0  S N N 
C 3 5 0  D P N 
5 0 0  S N P 
D 3 5 0  D P N 
5 0 0  S P P 
E 3 5 0  D P N 
5 0 0  S P N 
D - D y n a m i c  T e s t  P - P o s i t i v e  
S - S t a t i c  T e s t  N - N e g a t i v e  
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The corrosion rate of the novel geothermal m u d  was 
also determined potentiodynamically with a commercial 
corrosion meter called a Parameter. The instrument 
utilizes a probe with three m i l d  steel electrodes to 
measure current flow between the electrodes. A 10 m v  
polarizing potential i s  applied between the reference 
electrode and the test electrodes. The instrument is 
calibrated to read instantaneous corrosion rate. Very 
low corrosion r'ates were obtained on the novel m u d  when 
tested initially. After static exposure a t  500 degrees F., 
the corrosion rate was s t i l l  less t h a n  5 m i l s  per year 
a s  shown in Figure 18. This value i s  f a r  below the level a t  
which excessive corrosion occurs. A complete tabulation 
of the d a t a  can be found in Appendix G - Data Sheet 21.. 
0 +AFTER 24 HOURS AT 500° F r 
0 I 
, r- INITIAL MUD 
I I I I I I I I I 
0 1  2 3 4 5 6 7 8 9  
01 
TIME, HOURS 
FIG. 18* CORROSION RATE OF MILD STEEL BY 
POTENTIODYNAM IC MEASUREMENTS 
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A P P E N D I X  A 
F U N C T I O N S  O F  D R I L L I N G  F L U I D S  
D r i l l i n g  muds s e r v e  a t  l e a s t  t w e l v e  i m p o r t a n t  f u n c t i o n s  
i n  a d r i l l i n g  o p e r a t i o n .  T h e s e  a r e  a s  f o l l o w s :  
To  t r a n s p o r t  c u t t i n g s .  
To c o n t r o l  s u b s u r f a c e  p r e s s u r e s .  
To p r o v i d e  b o r e h o l e  s t a b i  1 . i t y .  
To  c o o l  t h e  b i t  a n d  l u b r i c a t e  t h e  d r i l l  s t r i n g .  
TO p r e v e n t  e x c e s s i v e  l o s s  o f  f l u i d  t o  p e r m e a b l e  
z o n e s .  - 
To s u s p e n d  w e i g h t  m a t e r i a l s  a n d  c u t t i n g s .  
To r e l e a s e  s a n d  a n d  c u t t i n g s .  
To t r a n s m i t  h y d r a u l i c  e n e r g y  t o  t h e  b i t .  
To p r o v i d e  c o r r o s i o n  p r o t e c t i o n .  
To  i n s u r e  t h a t  t h e  r e q u i r e d  i n f o r m a t i o n  a b o u t  
t h e  f o r . m a t i o n s  p e n e t r a t e d  i s  o b t a i n a b l e .  
To p r o v i d e  p r o t e c t i o n  t o  f o r m a t i o n  p r o d u c t i v i t y  
To s u p p o r t  p a r t  o f  t h e  d r i l l  p i p e  a n d  c a s i n g .  
C u t t i n g s  T r a n s p o r t  
The p r i m a r y  j o b  o f  a d r i l l i n g  mud i s  t o  r e m o v e  c u t t i n g s  
f r o m  t h e  h o l e .  Once t h e  c u t t i n g s  a r e  o f f  b o t t o m  t h e  mud m u s t  
t r a n s p o r t  t h e  c u t t i n g s  t o  t h e  s u r f a c e .  The a b i l i t y  o f  t h e  ' 
mud t o  move c u t t i n g s  d e p e n d s  p a r t l y  o n  t h e  p r o p e r t i e s  o f  t h e  
mud a n d  p a r t l y  o n  t h e  c i r c u l a t i n g  r a t e  o f  t h e  mud. The 
f o l l o w i n g  f a c t o r s  i n f l u e n c e  t h e  a b i l  i t y  o f  mud t o  r e m o v e  
c u t t i n g s :  
V e l o c i t y  - A n n u l a r  v e l o c i t y ,  w h i c h  i s  t h e  niud 
v e l o c i t y  b e t w e e n  t h e  d r i l l  p i p e  a n d  t h e  w a l l  of 
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t h e  h o l e ,  i s  a s i g n i f i c a n t  f a c t o r  i n  t r a n s p o r t i n g  
c u t t i n g s  t o  t h e  s u r f a c e .  V e l o c i t y  i s  d e p e n d e n t  
u p o n  pump s p e e d ,  h o l e  s i z e ,  and  d r i l l  p i p e  s i z e .  
i n c r e a s e s  i n  t h e  a n n u l a r  v e l o c i t y  w i l l  g r e a t l y  
i m p r o v e .  t h e  a b i l i t y  o f  t h e  mud t o  t r a n s p o r t  
c u t t i n g s .  
D e n s i t y  - D r i l l i n g  mud h a s  a b u o y a n t  e f f e c t  o n  
i m m e r s e d  c u t t i n g s ;  t h e r e f o r e ,  h i g h  d e n s i t y  m u d s  
h a v e  b e t t e r  c a r r y i n g  c a p a c i t y - t h a n  l o w  d e n s i t y  
muds.  
V i s c o s i t y  - Mud v i s c o s i t y  i s  a n  i m p o r t a n t  f a c t o r  
i n  m o v i n g  c u t t i n g s  t o  t h e  s u r f a c e .  I f  t h e  pump 
c a p a c i t y  i s  t o o  l o w  t o  p r o v i d e  s u f f i c i e n t  a n n u l a r  
v e l o c i t y  t o  l i f t  t h e  c u t t i n g s ,  i n c r e a s i n g  t h e  mud 
v i s c o s i t y  w i l l  i m p r o v e  t h e  l i f t i n g  p o w e r  o f  t h e  mud. 
C o n t r o l  o f  S u b s u r f a c e  P r e s s u r e s  
A n o t h e r  i m p o r t a n t  f u n c t i o n  o f  a d r i l l i n g  mud i s  t o  p r e v e n t  
t h e  i n f l u x  o f  f o r m a t i o n  f l u i d s  i n t o  t h e  w e l l b o r e .  Gas, o i l ,  o r  
w a t e r  e n c o u n t e r e d  w h i l e  d r i l l i n g  p e r m e a b l e  z o n e s  c a n  be 
c o n t r o l l e d  b y  i n c r e a s i n g  t h e  mud d e n s i t y  u n t i l  t h e  h y d r o s t a t i c  
p r e s s u r e  o f  t h e  mud c o l u m n  e x c e e d s  t h e  p o r e  p r e s s u r e  o f  t h e  
f o r m a t i o n  f l u i d s .  F i n e l y  g r o u n d  b a r i t e  i s  u s u a l l y  u s e d  t o  
i n c r e a s e  t h e  d e n s i t y  o f  d r i l l i n g  muds.  L i m e s t o n e ,  i r o n  o x i d e ,  
l e a d  s u l f i d e ,  a n d  s a l t  h a v e  a l s o  b e e n  u s e d  i n  s p e c i a l  a p p l i c a -  
t i o n s  t o  i n c r e a s e  mud d e n s i t y .  
The  p r e s s u r e  i n  t h e  w e l l b o r e  a l s o  d e p e n d s  o n  t h e  d y n a m i c  
p r e s s u r e s  b r o u g h t  a b o u t ' b y  t h e  c i r c u l a t i n g  mud a n d  b y  movement  
o f  t h e  d r i l l  p i p e .  Dynamic  p r e s s u r e s  a r e  r e l a t e d  t o  t h e  
d e n s i t y  a n d  flow p r o p e r t i e s  o f  t h e  mud. 
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B o r e h o l e  S t a b i l i t v  
The d e g r e e  o f  s t a b i l i z a t i o n  w h i c h  a d r i l l i n g  mud i s  
e x p e c t e d  t o  i m p a r t  d e p e n d s  o n  t h e  t y p e  o f  f o r m a t i o n s  
e n c o u n t e r e d :  E x p o s e d  f o r m a t i o n s  may c o n s i s t  a l m o s t  e n t i r e l y  
o f  c o m p e t e n t  s a n d s t o n e s  a n d , l i m e s t o n e s  o r  t h e y  may b e  
p r e d o m i n a n t l y  s h a l e s .  Some s h a l e s  c o n t a i n  a l a r g e  f r a c t i o n  
o f  e x p a n d a b l e  c l a y s .  D i s p e r s e d ,  f r e s h - w a t e r  muds n o r m a l l y  
p r o v i d e  a n  a c c e p t a b l e  e n v i r o n m e n t  when c o m p e t e n t  f o r m a t i o n s  
a r e  e x p o s e d  t o  t h e  mud. H i g h l y  b e n t o n i t i c  s h a l e  c a n  a b s o r b  
w a t e r ,  s o f t e n ,  and  become i n c o r p o r a t e d  i n t o  t h e  mud, t h u s  
i n c r e a s i n - g  t h e  v i s c o s i t y  o f  t h e  mud t o  u n a c c e p t a b l y  h i g h  
l e v e l s .  V A a r i o u s  s a l t s ,  m i x t u r e s  o f  s a l t s  a n d  mud a d d i t i v e s  
a r e  u s e d  i n  w a t e r  muds t o  i n h i b i t  t h e  n a t u r a l  t e n d e n c y  o f  
s h a l e  t o  d i s p e r s e  i n  t h e  p r e s e n c e  o f  w a t e r .  O i l  muds a r e  
s o m e t i m e s  u s e d  t o  s t a b i l i z e  t r o u b l e s o m e  s h a l e s .  
B i t  C o o l i n g  a n d . D r i l 1  S t r i n g  L u b r i c a t i o n  
A l l  f l u i d s  c i r c u l a t e d  t h r o u g h  t h e  d r i l l  s t r i n g  c o o l  t h e  
b i t  a n d  m o s t  muds p r o v i d e  a d e q u a t e  l u b r i c a t i o n  t o  t h e  d r i l l  
s t r i n g .  A d d i t i o n a l  l u b r i c i t y  c a n  b e  o b t a i n e d  b y  a d d i n g  
h y d r o c a r b o n  o i l s ,  v e g e t a b l e  o i l s ,  a s p h a l t ,  g r a p h i t e  o r  e x t r e m e -  
p r e s s u r e  l u b r i c a n t s  t o  muds .  M a t e r i a l s  d e s c r i b e d  a s  d e t e r g e n t s  
o r  s u r f a c t a n t s  w h i c h  c h a n g e  t h e  w e t t i n g  c h a r a c t e r i s t i c s  a t  t h e  
i n t e r f a c e  b e t w e e n  t h e  d r i l l  p i p e  a n d  t h e  w e l l - b o r e  a r e  a l s o  
a d d e d  t o  i m p r o v e  t h e  l u b r i c i t y  o f  w a t e r  b a s e  muds.  
P r e v e n t i o n  O f  E x c e s s i v e  Loss O f  F l u i d  
The d r i l l i n g  mud s h o u l d  r e s t r i c t  t h e  p a s s a g e  o f  f l u i d  i n t o  
p e r m e a b l e  f o r m a t i o n s  and  m i c r o f r a c t u r e s  t h a t  a r e  e n c o u n t e r e d  
a s  p e n e t r a t i o n  p r o g r e s s e s .  A mud w i t h  g o o d  f i l t r a t i o n  c o n t r o l  
A- 3 
characteristics d e p o s i t s  a thin filter c a k e  w h i c h  impedes the 
f l o w  o f  fluid from the mud into permeable zones. T h e  filtration 
c h a r a c t e r i s t i c s  of a w a t e r  base mud a r e  improved by adding 
bentonite o r  lignitic a d d i t i v e s  to increase the colloidal 
fraction of the m u d ;  thinners to d i s p e r s e  the colloidal s o l i d s ,  
o r  o r g a n i c  c o l l o i d s  s u c h  a s  s t a r c h  and CMC (sodium carboxymeth- 
ylcellulose). Colloidal materials c o m p a t i b l e  w i t h  oil m u d s  
impart similar filtration control characteristics to o i l  mud 
systems. 
S u s p e n s i o n . O f  Weight Material And Cuttings 
- 
During interruptions in drilling o p e r a t i o n s ,  mud in the 
a n n u l u s  must d e v e l o p  sufficient gel strength to prevent c u t t i n g s  
and w e i g h t  material from settling to the bottom o f  the hole. 
Additions o f  bentonite o r  o r g a n i c  c o l l o i d s  a r e  frequently m a d e  
to increase the gel strength of w a t e r  base muds. Organophilic 
c l a y s  o r  soap-ty,pe g e l l a n t s  a r e  used to improve the suspension 
c h a r a c t e r i s t i c s  of oil muds. 
Release Of Sand And Cuttings 
Although i t  is important t o  remove cutting f r o m  the hole 
and suspend them during interruptions in d r i l l i n g  o p e r a t i o n s ,  
i t  is a l s o  important that the s m a l l  c u t t i n g s ,  w h i c h  a r e  not 
separated by a vibrating s c r e e n ,  be allowed to s e t t l e  in th.e 
settling pit. T h e s e  seemingly o p p o s i t e  functions a r e  achieved 
by careful control of mud viscosity and gel strength along with 
proper arrangement o f  the mud pits o n  the surface. 
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T r a n s m i s s i o n  O f  H y d r a u l i c  E n e r a  
E a c h  c h i p  w h i c h  i s  c u t  b y  a t o o t h  o f  t h e  b i t  m u s t  b e  
moved f r o m  t h e  b o t t o m  o f  t h e  h o l e  b e f o r e  t h e  n e x t  s e t  o f  
c u t t e r s  r e a c h e s  t h a t  p o i n t  i n  o r d e r  t o  a v o i d  h a v i n g  t o  
p u l v e r i z e  e a c h  c h i p .  The d r i l l i n g  mud p r o v i d e s  t h e  h y d r a u l i c  
i m p a c t  r e q u i r e d  t o  f l u s h  c u t t i n g s  f r o m  t h e  b o t t o m  a n d  t o  
c l e a n  t h e  t e e t h  o f  t h e  b i t .  
C o r r o s i o n  P r o t e c t i o n  
. 
The d r , i l l i n g  mud i s  e x p e c t e d  t o  i n - h i b i t  c o r r o s i o n  o f  
t u b u l a r  g o o d s  u s e d  w h i l e  d r i l l i n g .  A d d i t i o n s  o f  c a u s t i c  soda  
o r  l i m e  a r e  made t o  i n s u r e  t h a t  d r i l l i n g  muds r e m a i n  a l k a l i n e .  
V a r i o u s  i n o r g a n i c  i n h i b i t o r s  i n c l u d i n g  s o d i u m  c h r o m a t e ,  s o d i u m  
b i c h r o m a t e ,  c o p p e r  c a r b o n a t e ,  z i n c  o x i d e ,  z i n c  c a r b o n a t e  a n d  
i r o n  o x i d e s ,  a s  w e l l  a s  t h e  o r g a n i c  f i l m i n g  a m i n e s  a r e  u s e d  
t o  m i t i g a t e  c o r r a s i o n  f r o i n  o x y g e n ,  c a r b o n  d i o x i d e  and h y d r o g e n  
s u l f i d e .  
R e c o v e r y  O f  N e c e s s a r y  I n f o r m a t i o n  
M o s t  o f  t h e  i n f o r m a t i o n  a b o u t  t h e  q u a n t i t y  a n d  t y p e  o f  
f l u i d s  c o n t a i n e d  i n  a r e s e r v o i r  i s  o b t a i n e d  b y  l o g g i n g  i n  t h e  
f l u i d  u s e d  t o  d r i l l  t h e  w e l l .  The  d r i l l i n g  f l u i d  s h o u l d  b e  
c o m p a t i b l e  w i t h  t h e  l o g g i n g  s y s t e m  u s e d  t o  e v a l u a t e  t h e  v a r . i o u s  
f o r m a t i o n s  w h i c h  a r e  p e n e t r a t e d .  
P r o t e c t  F o r m a t i o n  P r o d u c t i v i t v  
Who le  mud o r  mud f i l t r a t e  c a n  i n v a d e  a p r o d u c i n g  f o r m a t i o n  
a n d  c a n  impede  t h e  f l o w  o f  h y d r o c a r b o n s  i n t o  t h e  w e l l .  O i l  muds 
A- 5 
a r e  u s e d  i n  some a r e a s  t o  k e e p  w a t e r  o u t  o f  t h e  p r o d u c i n g  
z o n e s .  I n  o t h e r  a r e a s  v a r i o u s  s a l t s  s u c h  a s  s o d i u m  c h l o r i d e ,  
c a l c i u m  c h l o r i d e ,  o r  p o t a s s i u m  c h l o r i d e  a r e  a d d e d  t o  w a t e r  
muds t o  m i n i m i z e  f o r m a t i o n  damage.  
S u p p o r t i n g  The D r i l l  P i p e  And C a s i n g  
The  d r i l l i n g  mud e x e r t s  a b u o y a n t  e f f e c t  o n  t h e  d r i l l  
p i p e  and  c a s i n g  b e i n g  u s e d .  The w e i g h t ,  in a i r ,  o f  c a s i n g  
s t r i n g s  p r e s e n t l y  b e i n g  u s e d  o n  d e e p  w e l l s  c a n  e a s i l y  e x c e e d  
t h e  r a t e d . c a p a c i t y  o f  m o s t  d r i l l i n g  r i g s .  
. 
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A P P E N D I X  B 
C O M P O S I T I O N  O F  D R I L L I N G  F L U I D S  
D r i l l i n g  muds a r e  composed o f  l i q u i d s  and  s o l i d s .  The 
l i q u i d  p o r t i o n  may be w a t e r ,  o i l ,  o r  a m i x t u r e  o f  w a t e r  a n d  
o i l .  The s o l i d  p o r t i o n  i s  ~ s u a l l y  a b l e n d  o f  c o m m e r c i a l  
c l a y s ,  b a r i t e ,  p o l y m e r s ,  t h i n n e r s  and  o t h e r  c h e m i c a l  
a d d i t i v e s  a l o n g  w i t h  d r i l l e d  s o l i d s .  
M o s t  d r i l l i n g  muds a r e  c l a s s i f i e d  a s  w a t e r  b a s e  muds.  
I n  some a r e a s  v e r y  f e w  p r o b l e m s  a r e  e n c o u n t e r e d  a n d  t h e  
d r i l l i n g  mu-d c o n s i s t s  o f  o n l y  w a t e r  and- n a t i v e  s o l i d s .  I n  
o t h e r  a r e a s  i t  i s  n e c e s s a r y  t o  a d d  c l a y  t o  t h e  mud t o  i n c r e a s e  
t h e  v i s c o s i t y  and  i m p r o v e  t h e  f i l t r a t i o n  c o n t r o l  c h a r a c t e r i s -  
t i c s  o f  t h e  mud. 
W a t e r  b a s e  muds a r e  composed p r i m a r i l y  o f  t h r e e  p a r t s :  
1 .  The c o n t i n u o u s  l i q u i d  p h a s e ,  w h i c h  i s  w a t e r .  
2 .  The  c o l l o i d a l  f r a c t i o n ,  w h i c h  i s  t h e  r e a c t i v e  
p o r t i o n  o f  t h e  mud. 
3 .  T h e  i n e r t  f r a c t i o n  w h i c h  c o n s i s t s  o f  b a r i t e ,  
s a n d ,  and  o t h e r  i n e r t  solids. 
O i l  i s  e a s i l y  e m u l s i f i e d  i n t o  m o s t  w a t e r  muds.  When o i l  
i s  p r e s e n t ,  t h e  m u d  i s  c l a s s i f i e d  a s  a n  o i l - e m u l s i o n  mud. The 
t r e a t m e n t  o f  o i l - e m u l s i o n  mud i s  t h e  same a s  t h a t  r e q u i r e d  f o r  
w a t e r  b a s e  muds.  The m a j o r  p a r t  o f  mud c o n t r o l  i s  d i r e c t e d  
t o w a r d  t h e  c o l l o i d a l  f r a c t i o n ,  f o r  t h i s  i s  t h e  p o r t i o n  w h i c h  
c o n t a i n s  t h e  b e n t o n i t e s  and  o t h e r  c l a y s .  T h i s  i s  t h e  p a r t  o f  
t h e  mud w h i c h  i s  a f f e c t e d  b y  c h e m i c a l  t r e a t m e n t  o r  b y  
c o n t a m i n a t i o n .  
Clays and Shales -
Clays are added to d r i l l  i n g  m u d s  t o  increase the 
viscosity and gelling character of the m u d .  The most commonly 
used clays are the montmorillonites, often referred to as 
bentonites o r  sub-bentonites. Commercial bentonite is not a 
pure material. I t  has been estimated that the best material 
available is about 6 0  to 7 0  percent sodium montmorillonite. 
The remaining portion might be calcium montmorillonite o r  
other low yield clays such a s  kaolinite, illite o r  chlorite. 
Drilled low-yield clays also become incorporated into the mud. 
Sodium mon-tmorillonite is a plate-like material, which is 
often compa.red to a deck o f  cards. The plates are extremely 
t h i n  and the total particle may be less than 0 . 1  micron in 
t h ickness. 
Salt gel, an attapulgite clay, is used to impart viscosity 
to salt water. Attapulgite is a needle-like material and does 
not provide desi.rab1e filtration characteristics like bentonite. 
I t  does, however, impart a much higher viscosity to salt water 
than bentonite. 
The mechanism by which clays hydrate and swell is believed 
to b e  b y  t h e  a d s o r p t i o n  o f  w a t e r  on t h e  s u r f a c e  o f  t h e  c l a y .  
T h e  amount of swelling, observed by the measured increase in 
mud viscosity, that will occur depends on the available surface 
area and the total amount of water held on the clay. The "yield" 
of a clay is a measure o f  the clay's ability to increase th.e 
viscosity o f  fresh water. Yield i s  defined as the number o f  
barrels of 1 5  centipoise mud that can be obtained from one ton 
of the dry clay. Figure 1 shows the viscosity resulting from 
the addition o f  various clays to fresh water. A detailed 
discussion of clay chemi'stry can be found under the section 
entitled "Clay Chemistry o f  Drilling Muds". 
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I N  r n r s n  W A T C R  
F i g u r e  1 - V i s c o s i t y  o f  V a r i o u s  C l a y s  in W a t e r  (Ref. 1 )  
H i g h  G r a v i t y  S o l i d s  
B a r i t e  is u s e d  to i n c r e a s e  t h e  d e n s i t y  o f  m u d s .  T h e  
p r i m a r y  c o n s t i t u e n t  o f  b a r i t e  i s  b a r i u m  s u l f a t e .  T h e  A P I  
S p e c i f i c a t i o n s  f o r  b a r i t e  a r e  a s  f o l l o w s :  
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S p e c i f i c  G r a v i t y  4 . 2 0 ,  m i n i m u m  
S o l u b l e  A l k a l i n e  E a r t h  M e t a l s  
Wet S c r e e n  A n a l y s i s  
2 5 0  ppm, maximum a s  C a l c i u m  
R e s i d u e ,  o n  U . S .  S i e v e  No. 2 0 0  3 . O % ,  maximum 
R e s i d u e  on U . S .  S i e v ' e  No. 3 2 5  5 . O % ,  m i n i m u m  
The amoun t  o f  b a r i t e  n e e d e d  t o  e f f e c t  a n  i n c r e a s e  t h e  
d e n s i t y  c a n  b e  c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  f o r m u l a :  
'.., ...-. 1 4 7 7  (W2 - W , )  
x =  
( 3 5 . 4  - w 2 1  
Where :  
x = p o u n d s  o f  b a r i t e  p e r  b a r r e l  o f  mud 
W 2  = f i n - a 1  mud d e n s i t y ,  ppg 
W ,  , =  i n i t i a l  mud d e n s i t y ,  p p g  
V a r i o u s  t a b l e s  a r e  a l s o  u s e d  t o  d e t e r m i n e  t h e  amoun t  o f  
b a r i t e  r e q u i r e d  t o  i n c r e a s e  mud d e n s i t y .  F i g u r e  2 c o n t a i n s  
a b a r i t e  w e i g h t i n g  t a b l e .  
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F i g u r e  2 - Mud W e i g h t i n g  T a b l e s  ( R e f .  2 )  
Approx imate number o f  sacks o f  A P I  Grade B a r i t e  t o  be 
added t o  100 b a r r e l s  o f  mud o f  any we igh t  i n  o r d e r  t o  
i nc rease  t h e  we igh t  by any d e s i r e d  number o f  pounds per  
u n i t  volqme. 
Pounds Per Ga l l on  -  
F i n a l  Sacks B a r i t e  F i n a l  Sacks B a r i t e  
Weight Per Lb/Gal Inc rease Weight Per Lb/Gal Inc rease 
Lb/Ga 1 Per 100 Bhl Mud Lb/Ga 1 Per 100 Bbl  Mud 
8.5 
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Pounds Per Cubic Foot 
F i n a l  Sacks B a r i t e  F i n a l  Sacks B a r i t e  
Lb/Cu F t  Per 100 Bbl Mud Lb/Cu F t  Per 100 Bbl  Mud 
Weight Per Lb/Cu F t  i nc rease  Weight Per Lb/Cu F t  Inc rease 
67.5 7.50 100.0 8.95 
7 2 . 5  7.70 105.0 9.21 
75.0 7.80 107.5 9.38 
7 7 . 5  7.90 110.0 9.52 
80. o 8.00 112.5 9.68 
82.5 8 .11  115.0 9.83 
85.0 8.22 1 1 7 . 5  10.00 
87.5 8.34 120.0 10.16 
90.0 8 .45  122.5 10.33 
92.5 8.57 125.0 10.52 
95.0 8.70 1 2 7 . 5  10.70 
97.5 8.82 * 130.0 10.90 
70.0 7.60 102.5 9 -  09 
Inc rease  i n  volume of mud i n  b a r r e l s  equa ls  t o t a l  sacks B a r i t e  added, 
mu1 t i p l  i e d  by 0.0665. 
100 sacks of B a r i t e  occupy a volume o f  app rox ima te l y  6.65 b a r r e l s .  
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T h i n n e r s  
As d r i l l e d  s o l i d s  become i n c o r p o r a t e d  i n t o  t h e  mud, 
t h e  mud v i s c o s i t y  may become e x c e s s i v e l y  h i g h .  Many m a t e r i a l s  
a r e  u s e d  t o  t h i n  d r i l l i n g  muds.  T h e s e  i n c l u d e  t h e  f o l l o w i n g  
I c o m p l e x  p h o s p h a ’ t e s ,  1 )  s o d i u m  a c i d  p y r o p h o s p h a t e ,  2 )  s o d i u m  
h e x a m e t a p h o s p h a t e ,  3 )  s o d i u m ”  t e t r a p h o s p h a t e ,  a n d  4 )  t e t r a -  
s o d i u m  p y r o p h o s p h a t e ,  w h i c h  t e n d  t o  d e g r a d e  a n d  l o s e  t h e i r  
e f f e c t i v e n e s s  a t  130°F.’ T h e  p h o s p h a t e s  a r e  a l s o  i n e f f e c t i v e  
i n  s a l t y  o r  h a r d  w a t e r s .  
L i g n i t e s  a n d  a l k a l i n e  l i g n i t e  s a l t s  a r e  a l s o  e f f e c t i v e  . .  
a s  mud t h i n , n e r s  i n  f r e s h  w a t e r  muds.  A t  h i g h e r  c o n c e n t r a t i o n s  
s o l u b i l i z e d  l i g n i t e  a c t s  a s  a c o l l o i d  a n d  i s  n o t  e f f e c t i v e  a s  
a t h i n n e r  i n  s a l t y  o r  h a r d  w a t e r s .  L i g n i t e  i s  u s e d  i n  
f o r m u l a t i n g  m o s t  h i g h  t e m p e r a t u r e  w a t e r  b a s e  muds.  
A n o t h e r  c l a s s  o f  f r e s h  w a t e r  mud t h i n n e r s  i s  t h e  t a n n i n  
compounds  w h i c h  . i n c l u d e  e x t r a c t s  o f  q u e b r a c h o ,  h e m l o c k ,  
r e d w o o d  and  o t h e r  t r e e s .  The t a n n i n s  a r e  a l s o  s e n s i t i v e  t o  
s a l t s  and  l o s e  t h e i r  e f f e c t i v e n e s s  i n  s a l t y  o r  h a r d  w a t e r s .  
The l i g n o s u l f o n a t e s  a r e  e x t r e m e l y  e f f e c t i v e  a s  t h i n n e r s  
i n  f r e s h  w a t e r  m u d s  a s  well a s  i n  s a l t y  m u d s .  M a n y  o f  t h e  
l i g n o s u l f o n a t e s  c a n  f u n c t i o n  a s  t h i n n e r s  i n  w a t e r s  s a t u r a t e d  
w i t h  gypsum.  A t  t e m p e r a t u r e s  a p p r o a c h i n g  4 O O 0 F  m o s t  o f  t h e  
l i g n o s u l f o n a t e s  a r e  d e g r a d e d  v e r y  r a p i d l y ,  t h u s  l o s i n g  t h e i r  
a b i l i t y  t o  t h i n  muds.  
F i l t r a t i o n  C o n t r o l  A g e n t s  
Many m a t e r i a l s  h a v e  b e e n  u s e d  t o  s u p p l e m e n t  c l a y  f o r  
c o n t r o l l i n g  f i l t r a t i o n  i n  muds.  T h e s e  i n c l u d e  t h e  t h i n n e r s  
d i s c u s s e d  a b o v e  a s  w e l l  a s  s o d i u m  c a r b o x y m e t h y l  c e l l u l o s e  
( C M C ) ,  s t a r c h e s  f r o m  c o r n ,  p o t a t o e s  a n d  o t h e r  v e g e t a b l e s ,  
g u a r  gum, x a n t h a n  gum, a n d  a c r y l o n i t r i l e  p o l y m e r s .  
B - 6  
I . 
Specialty M u d  Additives 
Lost circulation materials are added to muds to m i n i m i z e  
the amount of mud lost to the various zones in the hole. T h e  
following substances a r e  added to drilling muds as lost 
c i r c u l a t i o n  m a t e r i a l s :  shredded wood f i b e r ,  nut hulls, c a n e  
f i b e r ,  ground flakes o f  m i c a ,  plastic f o i l ,  ground leather, 
cottonseed h u l l s ,  newsprint and ground tires. 
Improved lubricity is obtained by use of hydrocarbon oils, 
v e g e t a b l e  o i l s ,  a s p h a l t ,  g r a p h i t e  and extreme pressure 
1ubricant.s' to muds. Many d e t e r g e n t s  and s u r f a c t a n t s  a r e  a l s o  
used to reduce the friction between the d r i l l  pipe and the wall 
of the hole. 
Corrosion inhibitors a r e  o f t e n  used to m i t i g a t e  c o r r o s i o n  
of the d r i l l  pipe and c asing used in the well. T h e s e  include 
lime, caustic s o d a ,  sodium c h r o m a t e ,  sodium bichromate, copper 
c a r b o n a t e ,  zinc.oxide, z i n c  c a r b o n a t e ,  iron o x i d e  and filming 
ami  nes. 
Other specialty mud a d d i t i v e s  include the following: 
( 1 )  p o t a s s i u m  c h l o r i d e ,  c a l c i u m  c h l o r i d e ,  sodium c h l o r i d e  and 
o t h e r  s a l t s  f o r  b o r e h o l e  s t a b i l i t y ,  (2) a l u m i n u m  s t e a r a t e ,  
sulfonated vegetable oils, a n d  a l c o h o l s a s  defoamers, and (3) 
chlorinated phenols and p a r a f o r m a l d e h y d e  a s  biocides. 
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A P P E N D I X  C 
C L A Y  C H E M I S T R Y  O F  D R I L L I N G  F L U I D S  
APPENDIX C . 
C L A Y  C H E M I S T R Y  OF D R I L L I N G  F L U I D S  
. 
Anyone  c o n c e r n e d  w i t h  d r i l l i n g  muds i s  w e l l  a d v i s e d  t o  
h a v e  a t h o r o u g h  u n d e r s t a n d i n g  o f  c l a y  m i n e r a l o g y  and  c h e m i s t r y .  
' C l a y  p r o v i d e s  t h e  c o l l o i d a l  b a s e  f o r  t h e  g r e a t  m a j o r i t y  o f  
d r i l l i n g  muds.  M o r e o v e r ,  o i l w e l l s  o f t e n  m u s t  p e n e t r a t e  
a r g i l l a c e o u s  f o r m a t i o n s ,  and  d r i l l i n g s  c u t t i n g s  t h e r e f r o m  
become i n c o r p o r a t e d  i n  t h e  mud, p r c t f o u n d l y  c h a n g i n g  i t s  
p r o p e r t i e s .  And f i n a l l y , t h e  s t a b i l i t y  of t h e  b o r e h o l e  d e p e n d s ,  
t o  a l a r g e  e x t e n t ,  o n  i n t e r a c t i o n s  b e t w e e n  t h e  mud a n d  e x p o s e d  
s h a l e s .  In. t h i s  s e c t i o n ,  t h e r e f o r e ,  t h e  e s s e n t i a l  f e a t u r e s  o f  
c l a y  t e c h n o l o g y  w i l l  b e  b r i e f l y  d i s c u s s e d .  
C L A Y  MINERALOGY 
C l a y s  a r e  c r y s t a l l i n e  m i n e r a l s  w h i c h  d i s p e r s e  t o  c o l l o i d a l  
d i m e n s i o n s  when m i x e d  w i t h  w a t e r .  T h e r e  a r e  a number  o f  c r y s t a l  
f o r m s  a n d  i n n u m e r a b l e  v a r i a t i o n s  o f  e a c h  f o r m .  O n l y  f o u r  c l a y  
m i n e r a l s  w h i c h  a r e  o f  p a r t i c u l a r  i n t e r e s t  t o  d r i l l i n g  muds w i l l  
b e  d i s c u s s e d  h e r e :  
Mon t m o  r i 1 1 on i t e 
Wyoming b e n t o n i t e ,  w h i c h  i s  t h e  c l a y  m o s t  f r e q u e n t l y  u s e d  
f o r  m a n u f a c t u r i n g  d r i l l i n g  mud, i s  a l m o s t  e n t i r e l y  composed o f  
m o n t m o r i l l o n i t e .  A l s o ,  m o n t m o r i l l o n i t e  i s  t h e  p r e d o m i n a n t  c l a y  
m i n e r a l  i n  many r e c e n t  s e d i m e n t s ,  e . g . ,  t h e  G u l f  C o a s t .  A t  
t e m p e r a t u r e s  a b o v e Y O 0  C ( 2 1 2 O F )  u n d e r  s u b s u r f a c e  c o n d i t i o n s  i t  
u n d e r g o e s  d i a g e n e s i s  t o  f o r m  a n o t h e r  c l a y  m i n e r a l ,  i l l i t e .  
0 
M o n t m o r i l l o n i t e  i s  A member o f  t h e  m i c a  t y p e  c l a y  m i n e r a l  
g r o u p  ( R e f .  1 ) .  The p r o t o t y p e  o f  t h i s  g r o u p  i s  p y r o p h y l l i t e ,  whose  
s t r u c t u r e  i s  shown i n  F i g u r e 1  . The u n i t  c e l l  c o n s i s t s  o f  a 
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Figure 1 .  Atom arrangement in the unit cell of  a - 
three-layer mineral (schematic). (Ref. 1 ) 
sheet of atoms o'f A I ,  M g ,  0, O H  arranged in an octahedral 
network, sandwiched between 2 sheets o f  silica atoms in 
tetrahedral c o o r d i n a t i o n ;  the three sheets being held together 
by shared 0 atoms. 
and i t  is o f  indefinite a r e a l  extent. A crystal of pyrophyllite 
consists o f  a number o f  layers o f  unit cells held together in 
s t a c k s ,  like a deck o f  c a r d s ,  by van d e  W a a l s  forces. T h e  
d i s t a n c e  between a sheet in o n e  layer and the corresponding 
sheet in the next layer is 9 . 2 A ,  and is called the C spacing. 
The thickness o f  the unit cell i s  6 . 6 A ,  
T h e  atoms in the pyrophyllite c r y s t a l ,  and the a n a l a g o u s  
mineral talc, a r e  in e l e c t r o s t a t i c  balance, and they therefore 
do not form colloidal d i s p e r s i o n s  in water. M o n t m o r i l l o n i t e  i s  
similar to pyrophyllite except that random isomorphous substitu- 
tions o f  divalent a t o m s  o f  Mg for trivalent atoms o f  A1 in the 
octahedral s h e e t ,  and o f  trivalent A1 for tetravalent Si in the 
c-2 
* 
t e t r a h e d r a l  s h e e t  g i v e  a n e g a t i v e  c h a r g e  t o  t h e  p a r t i c l e .  
T o  t h i s  a l l - i m p o r t a n t  d i f f e r e n c e  m o n t m o r i l l o n i t e  owes i t s  
c o l l o i d a l  p r o p e r t i e s .  
The n e g a t i v e  c h a r g e  o n  t h e  m o n t m o r i l l o n i t e  c r y s t a l  i s  
b a l a n c e d  b y  t h e  a d s o r p t i o n  o f  c o u n t e r  c a t i o n s  o n  i t s  e x t e r n a l  
s u r f a c e s  a n d  b e t w e e n  t h e  l a y e r s .  B e c a u s e  t h e s e  c a t i o n s  c a n  
b e  e x c h a n g e d  f o r  o t h e r  c a t i o n s  i n  t h e  a q u e o u s  p h a s e  of a 
m o n t m o r i l l o n i t e  s u s p e n s i o n , t h e y  a r e  c a l l e d  t h e  b a s e - e x c h a n g e  
i o n s .  The c r y s t a l  a c t s  l i k e  a m u l t i v a l e n t  n e g a t i v e  r a d i c a l ,  
a n d  c l a y s  w i t h  a s i n g l e  s p e c i e s  o f  c a t i o n  i n  t h e  e x c h a n g e  
p o s i t i o n s  c a n  b e  p r e p a r e d  b y  l e a c h i n g  w i t h  a s o l u t i o n  o f  a 
s a l t  o f  t h a t  c a t i o n .  Thus  i t  i s  p o s s i b l e  t o  h a v e  s o d i u m  
m o n t m o r i l l o n i t e  o r  c a l c i u m  m o n t m o r i l l o n i t e ,  e t c .  The amoun t  
o f  e x c h a n g e a b l e  i o n s ,  e x p r e s s e d  i n  m i l l i e q u i v a l e n t s  p e r  100 grams 
o f  d r y  c l a y ,  i s  c a l l e d  t h e  b a s e  e x c h a n g e  c a p a c i t y  ( B E C )  a n d  i s  
a m e a s u r e  o f  t h e  n e g a t i v e  c h a r g e  o n  t h e  c r y s t a l  a n d  i n d i r e c t l y  
o f  t h e  a c t i v i t y  o f  t h e  c l a y .  M o n t m o r i l l o n i t e  h a s  a h i g h  B E C ,  
a r o u n d  8 0  meq / lOQg.  
When m o n t m o r i l l o n i t e  i s  c o n t a c t e d  w i t h  w a t e r ,  o r  w a t e r  
v a p o r ,  w a t e r  m o l e c u l e s  p e n e t r a t e  b e t w e e n  t h e  l a y e r s ,  a n d  i n c r e a s e  
t h e  s p a c i n g  b e t w e e n  t h e  l a y e r s .  F o r  t h i s  r e a s o n  m o n t m o r i l l o n i t e  
i s  s a i d  t o  h a v e  a n  e x p a n d i n g  l a t t i c e .  Up t o  f o u r  m o n o m o l e c u l a r  
l a y e r s  o f  w a t e r  c a n  b e  a b s o r b e d  i n  d i s c r e t e  s t e p s ,  w h i c h  
i n c r e a s e s  t h e  C s p a c i n g  t o  2 0 A .  I t  i s  c o n s i d e r e d  p r o b a b l e  t h a t  
t h e  f i r s t  l a y e r  i s  o r i e n t e d  o n  t h e  s i l i c a  s u r f a c e s  b y  h y d r o g e n  
b o n d i n g  t o  t h e  o x y g e n  a t o m s ,  a n d  i t s  e n e r g y  o f  h y d r a t i o n  i s  
e x t r e m e l y  h i g h .  The e n e r g y  o f  h y d r a t i o n  o f  t h e  s u c c e e d i n g  l a y e r s  
d e c r e a s e s  p r o g r e s s i v e l y .  The h i g h  e n e r g y  o f  h y d r a t i o n  r e s u l t 5  i n  
t h e  d e v e l o p m e n t  o f  v e r y  h i g h  s w e l l i n g  p r e s s u r e s  when d e h y d r a t e d  
m o n t m o r i l l o n i t e  i s  c o n t a c t e d  w i t h  w a t e r  when c o n s t r a i n e d  ( s e e  
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WATER LAYERS 
Figure 2 .  Approxinmate Swelling Pressures of Montmorillonite 
after Powers. (Ref. 2 )  
lnterlayer hydration is called 'surface hydration', or 
'(intra-) crystalline' swelling. With polyvalent cations in 
the exchange positions it cannot expand the lattice beyond the 
2 0 A  spacing, and results in no o b v i o u s  i n c r e a s e  in v o l u m e ,  o r  
softening of the clay. With monovalent exchange cations, 
however, the repulsive forces developed are strong enough to 
overcome the attractive forces between the l a y e r s ( R e f . 3  ) ,  which 
then readily disperse to single layers. This type of swelting 
is usually referred a s  'osmotic swelling' because i t  i s  controlled 
by the higher ionic concentration in the vicinity of the clay 
surfaces relative to that in the bulk of the aqueous phase. 
Osmotic swelling develops much lower swelling pressures than 
crystalline swelling, but results in enormous increase in volume 
when the clay is not constrained, e . g . ,  sodium montmorillonite 
has been found to absorb 6.52 g water per g dry clay(Ref.4 ) .  
c-4 
Illite is perhaps the most common clay mineral in 
shales penetrated in oilwell d r i l l i n g .  I t  may be derived in 
~ situ from montmorillonite or be o f  depositional origin. 
Illite i s  a mica-type clay mineral, similar to 
montmorillonite in structure, except that the lattice 
substitutions are confined to the silica sheet a n d  the counter 
cations are invaribly potassium. The K ions are the r i g h t  
size t o  f i t  the holes in the silica network, and form specific 
links between atoms i n  adjoining layers. The bonds so  formed 
prevent the lattice from expanding, and water cannot penetrate 
between the layers. Hydration and base exchange phenomena are 
confined to the outer surfaces of the crystal. The base 
exchange capacity of illite is around 2 5  meq/100g, and it is 
much l e s s  active in colloidal suspension than montmorillonite. 
Kaolinite 
Kaolinite is, like illite, widely distributed among 
argillaceous sediments, b u t  has a different crystaline structure. 
I t  has only two sheets in the u n i t  cel1,as shown in Figure 3 .  
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Figure 3 .  Atom arrangement in the u n i t  cell o f  a two-layer 
mineral (schematic). (Ref. 1 )  
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T h e r e  i s  v e r y  l i t t l e  i s o m o r p h o u s  s u b s t i t u t i o n  i n  t h e  k a o l i n i t e  
l a t t i c e ,  a n d  t h e  e x c h a n g e a b l e  i o n s  a r e  h e l d  o n  t h e  o u t e r  s u r f a c e s  
o n l y .  The  b a s e  e x c h a n g e  c a p a c i t y  v a r i e s  b e t w e e n  1 - 1 0  meq /100  g 
a n d  t h e r e  i s ,  o f  c o u r s e ,  n o  i n t e r l a y e r  h y d r a t i o n .  
' 
A t t a p u l g i t e  
A t t a p u l g i t e ,  a n d  t h e  a n a l o g o u s  c l a y  m i n e r a l  s e p i o l i t e ,  
h a v e  q u i t e  a d i f f e r e n t  c r y s t a l  s t r u c t u r e ,  b e i n g  n e e d l e - s h a p e d  
i n s t e a d  o f  p l a t e y .  A t t a p u l g i t e  i s  u s e d  i n  b r i n e  muds,  i n  w h i c h  
i t  p r o v i d e s  r h e o l o g i c a l  p r o p e r t i e s  by  v i r t u e  o f  m e c h a n i c a l  
i n t e r f e r e n . C e .  b e t w e e n  t h e  n e e d l e s .  S e p i o l i t e  i s  a t  p r e s e n t  
a t t r a c t i n g  i n t e r e s t  b e c a u s e  o f  i t s  r e s i s t a n c e  t o  h i g h  t e m p e r a t u r e .  
ELECTRO-CHEMICAL E Q U I L I B R I A  I N  C L A Y  S U S P E N S I O N S  
T h e  S u r f a c e  P o t e n t i a l  - 
The e x c h a n g e a b l e  c a t i o n s  a r e  a t t r a c t e d  t o  a c l a y  m i n e r a l  
s u r f a c e  b y  t h e  n e g a t : i v e  c h a r g e  o n  t h e  c r y s t a l ,  b u t  a t  t h e  same 
t i m e  t h e y  h a v e  a t e n d e n c y  t o  d r i f t  away.  The  c o n d i t i o n  h a s  b e e n  
c o m p a r e d  t o  t h e  e a r t h ' s  a t m o s p h e r e ,  i n  w h i c h  t h e  d i s t r i b u t i o n  o f  
t h e  m o l e c u l e s  in t h e  a i r  d e p e n d s  on the r e l a t i v e  f o r c e s  o f  
g r a v i t y  a n d  d i f f u s i o n .  A s i m i l a r  d i s t r i b u t i o n  o f  i o n s  p r e v a i l s  
- i n  t h e  v i c i n i t y  o f  a c l a y  s u r f a c e ,  p o s i t i v e  i o n s  b e i n g  i n  e x c e s s  
n e a r  t h e  s u r f a c e ,  g r a d u a l l y  d e c r e a s e  t o  n e u t r a l i t y  i n  t h e  b u l k  
l i q u i d .  F i g u r e  4 shows s u c h  a n  ' i o n i c  a t m o s p h e r e '  o r  ' s w a r m '  a s  
i t  i s  s o m e t i m e s  c a l l e d .  F i g u r e  5 shows t h e  p o t e n t i a l  d i s t r i b u t i o n  
i n  t h e  i o n  swarm. 
The  P o s i t i v e  E d a e  T h e o r y  
W h i l e  t h e  s u r f a c e  o f  t h e  p a r t i c l e  c a r r i e s  a d i f f u s e  n e g a t i v e  
c h a r g e ,  t h e r e  a r e  g o o d  t h e o r e t i c a l  r e a s o n s  t o  b e l i e v e  t h a t  t h e  
, 
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Figure 4 .  Qiffuse electric double-layer model according to 
Gouy,  ( R e f .  1 )  
F i g u r e  5 
i,: I i 
! l y U l F F U L E  O R  GGUY L A Y E  
POSITION I 
R 
a0 : SUHFACE P O r E N T I A L  
G8 ; STERN P O T E N T I A L  
TI : N E T  C O U N T E R - I O N  CHARGE OF S T E R N  LAYER 
u2: N E T  COUNTER- I O N  CHARGE OF DIFFUSE L A Y E H  
cr : TOTAL C H A R G E  = cr, + c2 
'I 
S t e r n ' s  model of the potential distribution in  




e d g e s  o f  a c l a y  p a r t i c l e  c a r r y  a p o s i t i v e  c h a r g e ,  and  t h e r e  
i s  g o o d  e x p e r i m e n t a l  e v i d e n c e  t o  s u p p o r t  t h i s  b e l i e f  ( R e f . 5  ) .  The 
b e h a v i o r  of c l a y  s u s p e n s i o n s  i s  now g e n e r a l l y  e x p l a i n e d  o n  t h e  
b a s i s  t h a t  t h e  p a r t i c l e s  h a v e  a moment c r e a t e d  b y  a n e g a t i v e  
s u r f a c e  and  a p o s i t i v e  e d g e .  
The F l o c c u l a t i o n - D e f l o c c u l a t i o n  P r o c e s s  
S u s p e n s i o n s  o f  c l a y  i n  d i s t i l l e d  w a t e r  r e m a i n  s t a b l e  
i n d e f i n i t e l y  b e c a u s e  o f  t h e  r e p u l s i v e  n e g a t i v e  c h a r g e  o n  t h e  
p a r t i c l e s .  I f  a n  e l e c t r o l y t e  i s  a d d e d  i n  i n c r e a s i n g  q u a n t i t i e s ,  
t h e  i o n i c  swarms a t  t h e  p a r t i c l e  s u r f a c e s  a r e  i n c r e a s i n g l y  
r e p r e s s e d  u n t i l  t h e  p a r t i c l e s  c a n  a p p r o a c h  e a c h  o t h e r  c l o s e  
e n o u g h  f o r  v a n  d e r  Waal's f o r c e s  t o  c a u s e  them t o  a g g l o m e r a t e .  
I n  d i l u t e  s u s p e n s i o n s  t h e  p a r t i c l e s  f o r m  l o o s e  f l o c s  w h i c h  
s l o w l y  s e t t l e  t o  v o l u m i n o u s  s e d i m e n t s ,  l e a v i n g  a c l e a r  
s u p e r n a t a n t .  I n  c o n c e n t r a t e d  s u s p e n s i o n s ,  s u c h  a s  d r i l l i n g  
muds,  t h e  p a r t i c l e s  f o r m  a s i n g l e  s t r u c t u r e ,  commonly  r e f e r r e d  
t o  a s  a g e l ,  w h i c h  c o n t r a c t s  v e r y  s l o w l y ,  s o  t h a t  i t  may b e  
d a y s  b e f o r e  a l a y e r  o f  c l e a r  w a t e r  a p p e a r s  o n  t h e  s u r f a c e .  
G e l  s t r u c t u r e s  a r e  i ~ s u a l l y  e x p l a i n e d  a s  a p o s i t i v e  e d g e  t o  
n e g a t i v e  f a c e  p a r t i c l e  a s s o c i a t i o n ,  t h u s  f o r m i n g  a v o l u m i n o u s  
h o u s e - o f - c a r d s  s t r u c t u r e ,  a s  shown i n  F i g u r e  6 3  & 6 0 ,  b u t  t h i s  
i s ,  o f  c o u r s e ,  a s i m p l i f i c a t i o n .  The p ~ r t i c l e s  w i l l  a g g l o m e r a t e  
a t  a n g l e s  t h a t  d e p e n d  o n  t h e  r e l a t i v e  p o s i t i v e  and  n e g a t i v e  
p o t e n t i a l s ,  a n d  o n  t h e  c o n c e n t r a t i o n  o f  t h e  s u s p e n s i o n ,  b u t  
a l w a y s  s o  a s  t o  s a t i s f y  t h e  c o n d i t i o n  o f  l e a s t  f r e e  e n e r g y . .  
F u r t h e r m o r e  b e c a u s e  o f  t h e  e x t r e m e  a n i s o m e t r y  o f  t h e  c l a y  
p a r t i c l e ,  p a r t i c u l a r l y  o f  s i n g l e  u n i t s ,  w h i c h  a r e  a p p r o x i m a t e l y  
0 . 0 0 1  m i c r o n  t h i c k  and  u p  t o  1 m i c r o n  i n  a r e a l  e x t e n t ,  t h e y  m u s t  
b e  c o n c e i v e d  o f  a s  f l e x i b l e  f i l m s  ( s e e  F i g u r e  7 1 ,  r a t h e r  t h a n  
r i g i d  p l a t e s .  A b u c k e t  f u l l  o f  s h r e d d e d  S a r a n  Wrap w o u l d  b e  a 
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Figure 7. Mon t rno r i 1 I on i t e F i 1 m s 
The critical concentration of salt to cause flocculation 
depends on the valency o f  the cation much m o r e  than on the 
species. Approximate flocculation values for monovalent salts 
are 2 5 - 1 5 0  millimoles/liter; f o r  divalent salts 0.5 to 2 . 0 .  
millimoles/liter and f o r  trivalent salts 0.01 to 0.1 millimoles/ 
liter ( R e f .  6 ) .  F o r  monovalent cations the flocculation 
values decrease slightly according to the Hoffmeister series: 
c-IO 
. 
The  A g g r e g a t  i o n - D i s p e r s i o n  P r o c e s s  
The  f a c e - t o - f a c e  a s s o c i a t i o n  o f  c l a y  p l a t e l e t s  i n  t h e  
f o r m  of s t ~ c k s  rnust b e  d i s t i n g u i s h c d  f r o m  t h e  s t r u c t u r a l  
~ s s o c i a t i o n  o f  f l o c c u l a t i o n  b e c a u s e  t h e  t w o  modes h a v e  o p p o s i t e  
e f f e c t s  o n  t h e  g e l  s t r e n g t h .  A s  d i s c u s s e d  i n  t h e  l a s t  s e c t i o n ,  
f l o c c u l a t i o n  b u i l d s  a g e l  s t r u c t u r e ,  b u t  a g g r e g a t i o n  c a u s e s  
a d e c r e a s e  i n  g e l  v o l u m e  b e c a u s e  t h e r e  a r e  l e s s  u n i t s  t o  b u i l d  
t h e  s t r u c t u r e  ( c f  F i g u r e s  6 B  a n d  6 0 ) .  I t  i s  e q u a l l y  i m p o r t a n t  
t o  d i s t i n g u i s h  a d e f l o c c u l a t e d  s u s p e n s i o n  o f  p a r t i c l e s  d i s p e r s e d  
t o  i n d i v i d u a l  u n i t s  ( F i g u r e  6 C )  f r o m  a d e f l o c c u l a t e d  s u s p e n s i o n  
o f  a g g r e g a t e s  ( F i g u r e  6 A ) .  O b v i o u s l y  t h e  f o r m e r  w i l l  h a v e  a 
m u c h  h i g h e r -  v i s c o s i t y  b e c a u s e  o f  t h e  l a r g e  number  o f  p a r t i c l e s  
a n d  t h e  l a r g e r  a r e a  o f  c h a r g e d  s u r f a c e  e x p o s e d .  ( N a - m o n t m o r -  
i l l o n i t e  h a s  a t o t a l  s u r f a c e  a r e a  o f  8 0 0  s q u a r e  m e t e r s  p e r  g r a m  
o f  d r y  c l a y . )  
F l o c c u l a t i o n  d e p e n d s  on t h e  c o n c e n t r a t i o n  o f  s a l t s  i n  
t h e  a q u e o u s  p h a s e ,  a s  m e n t i o n e d  a b o v e ,  w h e r e a s  a g g r e g a t i o n  
d e p e n d s  o n  t h e  c a t i o n s  i n  t h e  b a s e  e x c h a n g e  p o s i t i o n s .  
When t w o  o r  m o r e  s a l t s  a r e  p r e s e n t  i n  a s u s p e n s i o n  t h e  
c a t i o n s  i n  t h e  b a s e  e x c h a n g e  p o s i t ' i o n s  w i l l  d e p e n d  on  t h e  
r e l a t i v e  c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  c a t i o n s  a n d  t h e i r  b a s e  
e x c h a n g e  e q u i l i b r i u m  c o n s t a n t s ,  a c c o r d i n g  t o  t h e  l a w  o f  mass 
a c t  i o n .  
A g g r e g a t i o n  c a n  a l s o  b e  c a u s e d  b y  v e r y  h i g h  c o n c e n t r a t i o n s  
o f  m o n o v a l e n t  s a l t s .  F o r  e x a m p l e  s o d i u m  b e n t o n i t e  a g g r e g a t e s  i n  
c o n c e n t r a t i o n s  o f  NaC l  g r e a t e r  t h a n  4 0 0  m e q / l i t e r  ( R e f .  7 ) .  
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Influence on Rheology 
If an .increasing amount o f  s salt is added t o  a 
deflocculated mud, the gel strength starts to increase when 
the flocculation value is reached; rises to a maximum and 
then decreases when the aggregation value i s  reached, '('This 
is shown for three simple systems in Figures 8 ,  g andlo 
(the aggregation value is indicated- by the decrease in clay 
volume and b y  the increase in optical density in the upper 
curves). .-Note particularly the decrease in both flocculation 
value and aggregation value with increase in valence o f  the 
salt. 
I I 
Figure 8. Effect o f  Sodium C h l o r i d c  o n  t h e  Optical Density, 
Clay V o l u r ~ i e ,  and Gel S t r e n g t h  o f  Sodium Bentonite 
(Ref. 7 1 
c-I 2 
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F i g u r e 9  Effect of C a l c i u m  C h l o r i d e  o n - t h e  O p t i c a l  D e n s i t y ,  
C l a y  V o l u m e ,  a n d  Gel S t r e n g t h  o f  S o d i u m  B e n t o n i t e  
( R e f .  7 )  
. o i -  
F i g u r e  1 0 .  Effect of A l u n l i n u n l  C h l o r i d e  on  the Optical D e n s i t y ,  
C l a y  VoluIiie, ann1 Gel S t r - ( : n q t I I  of S o d i u n i  B e n t o n i t e  
( R e f  . 7  ) 
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C l a y s  a s  t h e y  o c c u r  i t 1  t i c i t u r e  ~ l i i i o s t  i n v ~ r i a b l y  h a v e  
e n o u g h  p o l y v a l e n t  c a t i o n s  t o  k c c p  then1 a g g r e g a t e d  when t h e y  
a r e  i n c o r p o r a t e d  i n  a d r i l l i n g  mud,  a n d  t h e r e  i s  u s u a l l y  
e n o u g h  p o l y v a l e n t  c a t i o n s  i n  t h e  a q u e o u s  p h a s e  t o  p r o v i d e  a 
m o d e r a t e  g e l  s t r e n g t h .  B u t  g e l  s t r e n g t h s  may become u n d e s i r a b l y  
h i g h  a s  m o r e  and  m o r e  c l a y s  a r e  i n c o r p o r a t e d  i n  t h e  mud b y  t h e  
d r i l l i n g  p r o c e s s ,  and  i t  i s  t h e n  c u s t o m a r y  t o  a d d  a t h i n n e r .  
T h i n n e r s  a r e  u s u a l l y  t h e  s o d i u m  s a l t  o f  l a r g e  n e g a t i v e  a n i o n ,  
s u c h  a s  a p o l y p h o s p h a t e o r  a t a n n i n .  The a n i o n  i s  a d s o r b e d  a t  
t h e  e d g e  o f  t h e  c l a y  p a r t i c l e ,  n e u t r a l i z i n g  t h e  p o s i t i v e  c h a r g e ,  
t h u s  b r e a k i n g  u p  t h e  gel s t r u c t u r e  a n d  d e c r e a s i n g  y i e l d  v a l u e  
a n d  g e l  s t r e n g t h .  B u t  t h e  s o d i u m  c a t i o n  t e n d s  t o  r e p l a c e  t h e  
p o l y v a l e n t .  c a t i o n s  i n  t h e  e x c h a n g e  p o s - i t i o n s ,  i n c r e a s e  d i s p e r s i o n ,  
a n d  h e n c e  r a i s e  t h e  p l a s t i c  v i s c o s i t y .  To i n h i b i t  t h i s  
d i s p e r s i o n ,  a p o l y v a l e n t  h y d r o x i d e ,  u s u a l l y  C a ( O H ) 2 ,  o r  s o m e t i m e s  
a s a l t  s u c h  a s  CaSO4, i s  a d d e d  t o  c o u n t e r b a l a n c e  t h e  e f f e c t  o f  
t h e  s o d i u m ,  t h u s  a c h i e v i n g  a d e f l o c c u l a t e d  a g g r e g a t e d  s u s p e n s i o n .  
T h i s  c o n d i t i o n  i s  m o r e  u s u a l l y  o b t a i n e d  n o w a d a y s  b y  t h e  a d d i t i o n  
o f  a l i g n o s u l f o n a t e  w i t h  j u s t  e n o u g h  NaOH t o  s o l u b i l i z e  i t ,  
(maximum pH 9 . 5 ) .  
. .  
I n f l u e n c e  o n  F i l t r a t i o n  P r o p e r t i e s  
C l a y  b a s e  m u d s  lay d o w n  a F i l t e r  c a k e  w i t h  a r e m a r k a b l y  
l o w  p e r m e a b i l i t y  ( ~ O - ~ m d )  b y  v i r t u e  o f  t h e i r  f l a t ,  p l a t e y  
s h a p e .  D i s p e r s i o n  d e c r e a s e s  c a k e  p e r m e a b i l i t y , a n d  f l o c c u l a t i o n  
i n c r e a s e s  i t .  N e e d l e - s h a p e d  c l a y s ,  s u c h  a s  a t t a p u l g i t e ,  l a y  
down much m o r e  p e r m e a b l e  f i l t e r  c a k e s .  
I n f l u e n c e  o n  H o l e  S t a b i l i t y  
S u b s u r f a c e  c l a y s  and  s h a l e s  h a v e  b e e n  d e h y d r a t e d  b y  t h e  
p r e s s u r e  o f  t h e  o v e r l y i m g  s e d i m e n t s .  D r i l l i n g  a w e l l  r e l i e v e s  
t h e  l a t e r a l  p r e s s u r e  a n d  t h e  f o r m a t i o n  i m b i b e s  w a t e r  f r o m  t h e  
d r  i 1 1  i n g  mud.  Th is  change can r e s u l t  i n  v e r y  h i g h  s w e l l i n g  pressures 
c-I4 
which destabilize the borehole. T h i s  action can be inhibited 
by certain c l a y - b a s ~  i i i o d 5 ,  u5iial l y  Lorif<iining KCI, or polyvalent 
cations, to limit lattice expansion, a n d  can be totally prevented 
by the use of a water-in-oil emulsion w h o s c :  aqueous pha5e has 
a salinity h i q h  enough to prevent t h c  u p t a k e  of water b y  the 
shale ( R e f .  8 ) .  Some oi I-base m u d s  contain bentonite with organic 
radicals instead o f  inorganic cations in the exchange positions, 
which makes i t  possible to disperse the clay in oil. 
v 
E F F E C T  OF H I G H  TEMPERATURE ON CLAY SUSPENSIONS 
The effect o f  high temperature on- clay muds is difficult 
to predict because o f  the large number of variables involved, 
many o f  them inter-related. Some o f  the phenomena that may be 
expected to change the mud properties are: 
1 )  Decrease in the viscosity of water, leading 
t o  lower mud viscosities. 
2 )  Development o f  more c l i 5 p c r s e  ion s w d r n i s  
leading to greater repulsive forces and 
consequently more dispersion and higher plastic 
v i s c o s i t y .  
3 )  Above 100°C ( 2 1 2 O F )  montmorillonite starts to 
lose crystalline water, rc~sulting in closer C 
spacing, and greater inter-layer attraction. 
4 )  Changes in the base exchange equilibria constants. 
5) Changes in the dissociation constant o f  weak 
acids, bases, kr salts present in the mud. 
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6) I n c r e a s e s  in t h e  s o l u b i l i t y  p r o d u c t  o f  p o o r l y  
s o l u b l e  s a l t s .  S i n c e  t h e s e  a r e  u s u a l l y  
p o l y v a l e n t  s a l t c ,  t h i 5  a c t i o n  l e a d s  to 
f l o c c u l a t i o n  and a g g r e g a t i o n .  
A s  a r e s u l t  of t h e s e  v a r i ~ b l c s  s o m e  m u d s  m a y  t h i n  at 
f i r s t  a n d  t h e n  t h i c k e n  a s  t h e  t e m p e r a t u r e  r i s e s .  A t  a h i g h  
e n o u g h  t e m p e r a t u r e  a l l  c l a y  m u d s  f l o c c u l a t e  and loose their- 
f i l t r a t i o n  p r o p e r t i e s .  
C-I6 
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PROPERTIES OF M U D S  PREPARED 
FROM BENTONITE HEATED T O  500° 
IN AIR OR NITROGEN. 
PROPERTIES O F  M U D S  P R E P A R E D  
FROM BENTONITE/WATER SLURRIES 
PREHEATED T O  50OoF. 
PROPERTIES OF M U D S  P R E P A R E D  
WITH SYNTHETIC CLAYS AND 
LlGN I TE. 
PROPERTIES O F  M U D S  P R E P A R E D  
FROM S E P I O L I T E ,  B E N T O N I T E ,  
A N D  LIGNITE. 
P R O P E R T I E S  OF P O L Y M E R  MUDS 
P R E P A R E D  FROM A S B E S T O S  OR 
ATTAPULGITE. 







PROPERTIES OF MUD2 PREPARED FROM BENTONITE 
'0 500 F IN AIR OR NITROGEN HEATED 
S A M P L E  C O H P O S I T I O N  
- B e n t o n i t e  
B e n t o n i t e  ( A i r  Heated) 
B e n t o n i t e  (N, Heated) 
L i g n i t e  
Sod i um Carbonate 
Sodium Hydrox ide  
Sodium Chromate 
D A T A  S H E E T  1 
M U D  P R O P E R T I E S  
Fann V G  Meter R e a d i n g s  
6 0 0  rprn 
300 r R m  
2 0 0  rprn 
100 r p m  
6 r o m  
Plastic V i s c o s  i t v .  CD. 
Y i e l d  Point ,  lb/100 SQ f t  
IO-Sec Gel, l b /100  sq f t  
IO-Min Gel, lb/100 s q  ft 
pH 
A P I  F i l t r a t e ,  m l  
' i l t r a t e  a t  350°F-500 p s i  m l  
Shear Strength, 
l b /100 sq f t  
S A M P L E  I D E N T  I F 1 C A T  1 O N  
[ C o n t r o l )  1 - 1  I 1-2 














===I 1 b / b b  I 
40 -- -1 
3 ~ 1 
5 - Volume c o l l e c t e d  i n  20 minu tes  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  
S 
0 HR - Mud p r o p e r t i e s  a f t e r  hot r o l l i n g  f o r  16 hours  a t  150 
- Mud p r o p e r t i e s  a f t e r  s t a t i c  a g i n g  f o r  16 hours a t  500 F-375 p s i  
D -  1 
DATA SHEET 2 
PROPERTIES OF MUDS PREPARED FROM 




2- 1 I 2-2 2-3 2-4 
Reqular  B e n t o n i t e  
B e n t o n i t e  S l u r r y  2 ;\$: 
B e n t o n i t e  S l u r r y  3 
Sep io l  i t e  
Res i nex 
B e n t o n i t e  S l u r r y  1 ** 
5 - - - 
75" - 
- - 75"' - 
- - - 75:; 
15 15  15 15 
6 8 8 8 
- - 
~ ~~~ ~ 
Sod i um Pol yac ry  1 a t e  
Sodium Hydrox ide  
2.5 2 2 
2 0.4 0.4 
2 
















I I I L 
. 
i 
;t E q u i v a l e n t  t o  5 l b / b b l  B e n t o n i t e  
Fann VG Meter  Readings 
Shear S t r e n g t h  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  

















B e n t o n i t e  S l u r r y  1 - 6.7% by w t  b e n t o n i t e  i n  wa te r  heated t o  5OO0F f o r  1 hour  .'- .'. I .  I \  - 
t e  and 0.53% by w t  N a  OH i n  wa te r  heated t o  B e n t o n i t e  S l u r r y  2 - 6.7% by w t  benton 
500' F f o r  1 hour  
B e n t o n i t e  S l u r r y  3 - 6 .7% by w t  benton t e  i water  heated t o  500°F f o r  16 hours 
D - 2  
D A T A  S H E E T  3 
I P R O P E R T I E S  OF MUDS PREPARED WITH 
SYNTHETIC CLAYS AND LIGNITE 
- 
SAMPLE I D E N T I F I C A T I O N  SAMPLE C O M P O S I T I O N  
3-3 
l b / b b l  I b / b b l  
6.5  
1 h / b h  1 
P 
S y n t h e t i c  H e c t o r i t e  
S y n t h e t i c  M o n t m o r i l l o n i t e  
L i g n i t e  
Sodium Carbonate 








Sodium Hydrox ide  
Sodium Chromate - 1 












MUD P R O P E R T I E S  
F a n n  V G  H e t e r  R e a d i n g s  
124 1 6 0 0  r p m  
'100 r D m  
2 0 0  r p m  
100 r p m  
6 r p m  
3 r p m  
- P l a s t i c  Viscos'tv. I CD. 






































IO-Sec Gel, lb/100 s q  f t  
IO-Hin Gel, lb/100 s q  f t  2 















p H  
A P I  F i l t r a t e ,  m l  
F i  1 t r a t e  350°F-500 p s i  ,rnl 
6.6 
I Shear S t reng th ,  lb /100 sq f t  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  
HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n s  for  16 hours a t  150°& 
6 hours a t  500 pn375 p s i  
" 
S - Mud p r o p e r t i e s  a f t e r  s t a t i c  qg ing  o r  
D - 3  
D A T A  S H E E T  3 (Cont inued)  
PROPERTIES OF MUDS PREPARED WITH SYNTHETIC CLAYS AND LIGNITE 
t 




' 2 . 5  2 . 5  
3 3 
1 1 
L i q n i t e  
sod i um p o l  v a c r y l a t e  
Sodium Carbonate 
Sodium Hydrox ide  
Sodium Chromate 
!- I I 
- 
I HR S 
M U D  P R O P E R T I E S  
I I I i 1 1 .  I I F a n n  V G  t l e t e r  R e a d i n g s  
$; Volume c o l l e c t e d  i n  4 minu tes  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  
s - Mud p r o p e r t i e s  a f t e r  s t a t i c  ag ing  f o r  16 hours a t  500 F-375 p 
-L-L I .  I. No f i l t r a t i o n  c o n t r o l  - Sample b lew o u t  i n  5 minutes 
HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l  i n g  f o r  16 hours a t  150': 
i 
D A T A  S H E E T  4 
PROPERTIES OF MUDS PREPARED FROM SEPIOLITE, 
BENTONITE, AND LIGNITE 
SAMPLE C O M P O S I T I O N  S A M P L E  I D E N T I F I C A T I O N  
I 
r 4- 1 4-2 
l b / b b l  I b / b b l  
1 . 12.5 Sep io l  i t e  19 
- 12.5 -B e n t o n i t e  
L i g n i t e  25 25 
3 3 Sodium Carbonate 
1 
Sodium Hydrox ide  
Po ly  Rx 
I - I HR S M U D  P R O P E R T I E S  
1 I F a n n  V G  M e t e r  R e a d i n g s  I I  




































5: No f i l t r a t i o n  c o n t r o l  - sample b lew o u t  i n  1 m inu te  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minutes 
s - 
Volume c o l l e c t e d  i n  20 minutes .  -9. .L I. ,. 
HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  for  16 hours a t  15O0L 
Mud p r o p e r t i e s  a f t e r  s t a t i c  ag ing  f o r  16 hours a t  500 F-375 p s i  
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D A T A  S H E E T  4 (Cont inued)  
PROPERTIES OF MUDS PREPARED FROM SEPIOLITE, 
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  1 
HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  f o r  
S - Mud p r o p e r t i e s  a f t e r  s t a t i c  a g i n g  for  
BENTONITE, AND LIGNITE 
200  r p m  
100 rprn 
6 r p m  
3 r p m  
- Plastic V i s c o s '  I t Y .  CD. 
Y i e l d  P o i n t ,  lb/100 sq f t  
IO-Sec Gel. lb/100 S Q  f t  
I S A M P L E  I D C N T I F I C A T I O N  
pH 
A P I  F i l t r a t e ,  rnl 
C i l t r a t e  q t  350°F-500 p s i  m '  
Shear S t r e n g t h ,  
S A M P L E  C O M P O S I T I O N  
SeDiol i t e  
B e n t o n i t e  
Res i nex 
~ ~ _ _  
L i g n i t e  
Sodium P o l y a c r y l a t e  
Cvanamer 244A 
Sodium Carbonate 
Sodium Hydrox ide  
Sodium Chromate 
M U D  Pf iOPERTlES 
Fann V C  Meter R e a d i n g s  
600 r D m  
3 0 0  r D m  
~ - 
IO-Min Gel, lb /100 sq f t  
lb/100 sq f t  
5 minu tes  
16 hours a t  
16 hours a 
1 50"g 
t 500 F-375 p s i  
D 
D A T A  S H E E T  4 (Continued) 
PROPERTIES OF MUDS PREPARED FROM SEPIOLITE, 
BENTONITE, AND LIGNITE 
S A M P L E  C O M P O S I T I O N  S A M P L E  I D E t J T  I F I C A T  I O N  
r 4-7 
I b / b b l  
Bentonite - 
_I 
Sepiol i te 10 
Lign i te 20 
Poly R, - 
Sodium Polyacrylate I 4 
2.5 
3 
Sodium Chromate 1 
Sodium Carbonate 
Sodium Hydroxide 
- ?M U D  P R O P E R T I E S  
A P I  Filtrate, rnl 4.0 4.7  
iltrate at 35O0F-5O0 psi ml - 40.0 
Shcar Strength, 
















4-8 I 4-9 
I b / b b  1 1 1 b / b b  1 
- 10 10 
1 







3.8 I 4.4 12.2 3.0 
- 29.8 - - 
- - 180 - 
I - Initial mud properties after mixing 15 minutes 
HR 
S 
- Mud properties after holt rolling for 16 hours a t  15QzF 
- Mud properties after static aging for 16 hours a t  500 F-375 psi 
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D A T A  S H E E T  4 (Cont inued)  
PROPERTIES OF MUDS PREPARED FROM SEPIOLITE, 
BENTONITE,AND LIGNITE 
S A M P L E  C O M P O S I T I O N  
Benton i t e  
101 I t e  
. .  
L i g n i t e  
Res i nex 
M i  1 temp 
Sodium P o l y a c r y l a t e  
Sod i urn Carbonate 
Sodium Hydrox ide  
Sodium Chromate 
M U D  P R O P E R T I E S  
F a n n  V G  M e t e r  R e a d i n g s  
600 r p m  
300  r o m  
2 0 0  r p m  
100 r p m  
6 r p m  
3 r p m  
Pia-stic Viscos itv. cp. 
Yield P o i n t ,  15/100 sq f t  
IO-Sec Gel, lb/100 sq f t  
IO-Min Gel, l b /100 sq f t  
pH 
A P I  F i l t r a t e ,  m l  
‘ i l t r a t e  a t  350°F-500 p s i  m 
- 
Shear S t r e n g t h ,  
lb /100 sq f t  
SAMPLE I D E N T I F I C A T I O N  
4-10 





















































4-1 1 ! 4-12 
l b j b b l  I l b / b b l  
-. 10 15 







I ti R S I - 
26 15 32 102 
14 13 22 73 
7 1  6 19 - 62 
5 4 14 4 3  
1 1 4 9 
1 1 3 7 
12 2 10 , 29 
1 - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  
HR 
S 
- Mud p r o p e r t i e s  a f t e r  hot r o l l i n g  f o r  16 hours  a t  15OoF 
- Mud p r o p e r t i e s  a f t e r  s t a t i c  a g i n g  f o r  16 hours  a t  500°F-375 p s i  
D 
D A T A  S H E E T  5 
P R O P E R T I E S  OF POLYMER MUDS PREPARED FROM 
ASBESTOS OR A T T A P U L G I T E  
S A M P L E  C O M P O S I T I O N  
I__ 
Asbestos 
A t t a p u l g i t e  
M i  1 temp 
Sodium Carbonate 
M U D  P R O P E R T I E S  
F a n n  V G  M e t e r  R e a d i n g s  
6 0 0  r o m  
200 r p m  
100  r p m  
6 r p m  
3 rpm 
Plastic V i s c o s  i t v .  CD. 
Yield P o i n t ,  lb /100  sq f t  
IO-Sec Gel, l b /100  sq f t  
IO-Hin  Gel. lb/100 sa f t  
p H  
A P I  F i l t r a t e ,  m l  
1 
S A M P L E  I D E N T  I F I C A T  I O N  
5-1 1 5-2 















I b / b b l  I 
35.7 
:: - No f i l t r a t i o n  c o n t r o l  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15  minu tes  
HR - M u d  p r o p e r t i e s  a f t e r  h o t  r o l l  i ng  for  16 hours 1 5O0F 
D -9 
A P P E N D I X  E 
F I L T R A T I O N  C O N T R O L  A D D I T I V E S  
A P P E N D I X  E - F I L T R A T I O N  C O N T R O L  A D D I T I V E S  
T A B L E  O F  C O N T E N T S  
. 
D A T A  S H E E T  





1 0  
1 1  
C O N T E N T S  
E F F E : C T  O F  V A R l  O U S  P O L Y M E R S  
ON 1 H E  P R O P E R T I E S  O F  M U D S  
P R E P A R E D  F R O M  B E N T O N I T E  A N D  
L I G N I T E .  
P A G E  
E -  1 
E F F E C T  O F  G R O U N D  L I M E S T O N E  A N D  E - 6  
P R E C I P I T A T E D  C A L C I U M  C A R B O N A T E  
ON T H E  P R O P E R T I E S  O F  M U D S  P R E -  
P A R E D  F R O M  S E P I O L I T E  A N D  
B E N T O N I T E .  
E F F E C T  OF S O L T E X  ON T H E  P R O -  E - a  
P E R T I E S  O F  M U D S  P R E P A R E D  F R O M  
B E N T O N I T E  A N D  L I G N I T E .  
E F F E C T  O F  S O L T E X  ON T H E  P R O -  E - 9  
P E R T I E S  OF A M U D  P R E P A R E D  F R O M  
S E P I O L I T E  A N D  B E N T O N I T E .  
P R O P E R T I E S  O F  M U D S  P R E P A R E D  E - 1 0  
F R O M  L I G N I T E  H E A T E D  T O  5 O O 0 F  
I N  A I R  OR N I T R O G E N .  
E F F E C T  OF BROWN C O A L ,  R E S I N E X ,  E - 1 1  
R E G U L A R  L I G N I T E ,  A N D  1 3 6 9 - 1 0 A  
ON T H E  P R O P E R T I E S  O F  A S E P I O L I T E /  
B E N T O N  I T E  M U D  T R E A T E D  W I T H  S O D  I UM 
P O L Y A C R Y L A T E .  
D A T A  S H E E T  6 
EFFECT OF V A R I O U S  POLYMERS ON THE P R O P E R T I E S  
OF MUDS PREPARED FROM BENTONITE AND LIGNITE 
SAMPLE C O M P O S I T I O N  S A M P L E  I D E N T  I F I C A T  I O N  
- Benton i te  
L i g n i t e  
Sodium P o l y a c r y l a t e  
Cyanamer 244A 
Poly  Rx 




4 I 4 -f- 
I 1 
2 . 5  2.5 2.5 Sodium Carbonate 
Sod i urn Hydroxi  de 
I- 1 I 
3 3 1 3 
Sodium Chromate 1 



















S I HR S I 
-- 
86 67 54 67 37 




M U D  P R O P E R T I E S  
Fann V G  M e t e r  R e a d i n g s  
96 27 6 0 0  r p m  
3 0 0  r D m  
2 0 0  rprn 





P l a s t i c  V i s c o s i t y .  CD. 


















- IO-Sec Gel, lb /100 s q  f t  
IO-Min Gel, lb /100 s q  f t  
8 . 6  
15.0 
- 
- 8.4 3.7 4.5 6.3 4.0 
- 29.8 33.8 - 11.2 
650 - - - 850 
A P I  F i l t r a t e ,  in1 1 
: i l t r a t e  a t  350°F-500 p s i  m l  
Shear St rength,  






I - I n i t i a l  mud p r o p e r t i e s  a f t e r  mix ing  15 minutues 
S - Mud p r 0 p e r t i e s . a  t e r  s t a t i c  a g h g  for- 16 h o u r s  a t  S O O O F -  375 p s i  
0 HR - Mud p r o p e r t i e s  a t e r  hot  r o l l i n ! j  f o r  16 hours a t  150 F 
E -  1 
D A T A  S H E E T  - 6 (Continued) 
E F F E C T  OF V A R I O U S  POLYMERS ON THE PROPERTIES 
OF MUDS PREPARED FROM B E N T O N I T E  AND L I G N I T E  
S A M P L E  C O M P O S I T I O N   
, Benton i t e  
L i g n i t e  





M U D  P R O P E R T I E S  
Fann V G  l l e t e r  R e a d i n g s  
Shear St rength,  
$: Volume c o l l e c t e d  i n  10 
for  30 minutes.  
I - I n i t i a l  mud p r o p e r t i e s  
20 70 711 
20 20 20 
4 , 
4 6 
2.5  2 . 5  2 . 5  
minutes.  I n s u f f i c i e n t  mud volume was a v a i l a b l e  t o  run 
a f t e r  mix ing  1 5  minutes 
HR - Mud p r o p e r t i e s  a f t e r  hot  r o l l i n g  f o r  16 hours a t  150°F 
S - Mud p r o p e r t i e s  a f t e r  s t a t i c  ag ing  f o r  16 hours a t  50OoF- 375 p s i  
E - 2  
D A T A  S H E E T  - 6  (Cont inued)  
EFFECT OF VARIOUS POLYMERS ON THE PROPERTIES 














B e n t o n i t e  
L i g n i t e  
Sod i um Po 1 yac r y  1 a t e 
Po ly  Rx 
- Sodium Carbonate 
Sodium Hydrox ide  
Sodium Chromate 
M U D  P R O P E R T I E S  
F a n n  V G  t 4 e t e r  R e a d i n g s  
600 r D m  
300 r D m  
2 0 0  r p m  
1 0 0  r p m  
6 r p m  
3 r p m  
P l a s t i c  V i s c o s i t y .  CP. 
Y i e l d  P o i n t ,  lb /100 sq f t  
IO-Sec,Gel, lb /100 s q  f t  
IO-Min Gel ,  lb /100 s q  f t  
pH 
A P I  F i l t r a t e ,  m l  
' i l t r a t e  a t  350°F-500 Dsi m l  
Shear S t reng th ,  
lb /100 sq f t  
- 
SAMPLE I D E N T I F I C A T I O N  
-- - 6-7 I 6-8 






H R  S I HR 
37 I '67 I 26 1 18 
3 . 5  I 3 4  I 1 
27 31 17 23 
18 46 12 2 
5 21 3 2  
6 42 5 4  

























2 . 5  
1 
213 
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  
S - 
HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  f o r  16 hours  a t  15OoF 
Mud p r o p e r t i e s  a f t e r  s t a t i c  ag ing  f o r  16 .hours a t  50OOF- 375 p s i  
E - 3  
E F F E C T  OF V A R I O U S  POLYMERS ON THE P R O P E R T I E S  
OF MUDS PREPARED FROM B E N T O N I T E  AND L I G N I T E  
S A M P L E  C O M P O S I T I O N  S A M P L E  I D E N T I F I C A T I O N  
M U D  P R O P E R T I E S  
Fann  VG M e t e r  R e a d i n g s  
I - in i t ia l  mud p r o p e r t i e s  a f t e r  m ix ing  15 illinUtl!eS 
S - Mud p r o p e r t i e s , a f t e r  s t a t i c  ag ing  f o r  16 hours a t  500°F- 375  p s i  
0 HR - Mud p r o p e r t i e s  a f t e r  hot r o l l i n g  f o r  16 hours a t  150 F 





Benton i t e  
L i g n i t e  
M i  I temp 
Sod i um Carbonate 





SAMPLE I D E N T  I F I C A T  I O N  
----I= M U D  PROPERTIES 
I Fann V G  M e t e r  R e a d i n g s  
6 0 0  rprn 94 
3 0 0  rwrn 60 
2 0 0  rprn 48 
1 0 0  rprn 31  
- 
6 r p m  1 5  
I . .  
3 r p m  5 
Plastic V i s c o s i t v .  CP. 3 . 4  
1 
Y i e l d  P o i n t ,  l b / 1 0 @  sq f t  26 
4 IO-Sec Gel, lb/lOO s q  f t  
IO-Min Gel, lb /100 s q  f t  6 
I 
1 0 . 9 ,  n H  J" 
A P I  F i l t r d t e ,  m l  5 . 4  
i l t r a t e  a t  350°F-500 p s i  m l  - I 
Shear S t rength ,  
lb /100 s q  f t  
I 





9 . 9  
6 . 8  










I - I n i t i a l  mud p r o p e r t i e s  a f t e r  mix ing  15 minutes 
S - Mud p r o p e r t i e s  a f t e r  s t a t i c  ag ing f o r  16 hours a t  500 F -  375 p s i  
HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  f o r  16 hours a t  15Ooi 
E - 5  
D A T A  S H E E T 7  
E F F E C T  OF GROUND L I M E S T O N E  AND P R E C I P I T A T E D  C A L C I U M  CARBONATE 
ON THE P R O P E R T I E S  OF MUDS PREPARED FROM S E P l O L l T E  AND B E N T O N I T E  
S A M P L E  C O M P O S I T I O N  1 i S A M P L E  I D E N T  I F I C A T  I O N  
1 
3 
( C o n t r o l )  7-1 I 7-2 I 7-3 
Ground Limestone 
Sodium Hydrox ide  
-- 
-I I 1 
1 I 1 1 
M U D  P R O P E R T I E S  F 
I F a n n  V G  M e t e r  R e a d i n g s  





I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  
0 
HR - M u d  p r o p e r t i e s  a f t e r  hot  r o l l i n g  f o r  16 hours a t  150 F 
E - 6  
D A T A  S H E E T  7 (Cont inued)  
EFFECT OF GROUND LIMESTONE AND PRECIPITATED CALCIUM CARBONATE 
ON THE PROPERTIES OF MUDS PREPARED FROM SEPlOLlTE AND BENTONITE 
SAMPLE C O M P O S I T I O N  
I b / b b l  
Sep io l  i t e  
B e n t o n i t e  
P r e c i p i t a t e d  Calc ium Carb. 
Ground Limestone 
Sodium Hydrox ide  - 
I b / b b l  






F a n n  V G  H e t e r  R e a d i n g s  
I 




6 0 0  r p m  
300 r D m  
2 0 0  rprn 
100  rprn 
-. 
6 rprn 





P l a s t i c  V i s c o s i t v .  cp. 
Y i e l d  P o i n t ,  lb /100 s q  f t  
IO-Sec E e l ,  lb /100 sq f t  
IO-Min Gel ,  lb /100 sq f t  
pH 





















SAMPLE I D E N T I F I C A T I O N  
_I 
: C o n t r o l )  7-4 
_I 
l b / b b l  - 
5 
0.25 - 











0 ,s  10 
-. 
_I 
7-5 1 7-6  
I 2 8  I 5 4  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  
0 HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l  i n g  f o r  16 hours a t  150 F 
E - 7  
IO-Sec G e l ,  l b /100  s q  f t  
IO-Min Ge l ,  lb /100 s q  f t  
pH 
A P I  F i l t r a t e ,  in1 
F i l t r a t e  a t  350°F-500 p s i  m l  
Shear S t r e n g t h ,  
lb /100 sq f t  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  1 5  m inu tes  
s - 
0 HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  fo r  16 hours a t  150 F 
Mud p r o p e r t i e s  a f t e r  s t a t i c  a g i n g  fo r  16 hours  a t  50OoF- 375 p s i  
2 1 4 6 1 1 3  1 .5  2 40 
4 
3 2 38 7 3 30 3 4 55 
1 0 . 6 '  9.7 8.6 10.3 9 . 9  8 . 6  10.9 10.3 8.6 
3 .7  3.6 16.2 3.8 5 .8  9.7 4.0 5.6 15.0 
I 
. .-- * 
- 18.0 49.0 - 21.4 38.0 - 23.6 
- - - - - 1000 - 200 2000 
E - 8  
# 
DATA SHEET 9 
EFFECT OF SOLTEX ON THE PROPERTIES 
OF A MUD PREPARED FROM SEPlOLlTE AND BENTONITE 
r I I 
SAMPLE COMPOSITION SAMPLE I D E N T I F I C A T I O N  
9- 1 9-2 
I I I 
l b / b b l  l b / b b l  1 b / b b l  
S e p i o l  i t e  15 15 
Ben t o n  i t e  5 5 
Sol t e x  4 
Sodium Hydrox ide  0.25 0.25 
- 
t 
M U D  P R O P E R T I E S  





. 6 rpm 
3 rpm 
P l a s t i c  V i s c o s i t y ,  cp. 
Y i e l d  Point; lb/100 sq f t  
IO-Sec Gel, lb /100  sq f t  
IO-Min Gel, lb /100 sq f t  
pH 
A P I  F i l t r a t e ,  m l  
b 
-1 





15.0 Y 23.6 
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minutes 
HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  f o r  16 hours a t  150°F 
E - 9  
DATA SHEET 10 
PROPERTIES OF MLJDS PREPARED FROM LIGNITE 
HEATED TO 500 F I N  A I R  OR NITROGEN 
SAMPLE COMPOSITION SAMPLE I D E N T I F I C A T I O N  
I 
10-1 10-2 
l b / b b l  1 b / b b l  1 b / b b l  
B e n t o n i t e  ( A i r  Heated) 30 30 
L i g n i t e  ( A i r  Heated) 25 
L i g n i  t e  (N, Heated) 25 
Sodium Carbonate 3 3 
Sodium Hydrox ide  3 3 
I 
~ ~ - 
Sodium Chromate 1 1 
I 
I HR s I 
M U D  P R O P E R T  1 E S  
Fann V G  Meter Readings 
600 rpm - 
300 rpm 
200 r o m  
6 rpm 
3 r D m  
P l a s t i c  V i s c o s i t y ,  cp. 
Y i e l d  Point: lb/100 sa f t  
IO-Sec Gel, l b /100  sq f t  































pH 1 1 . 3  10.1 8.6 10.2 
A P I  F i l t r a t e .  m l  3.2 4.9 16.4 14.2 
F i  1 t r a t e  a t  350°F-500 p s i ,  m l  120.0 62 I 
I 1 1 I 
Shear S t r e n g t h  
l b /100  sq  f t  I I 1 7 0 1  
D A T A  S H E E T  1 1  
EFFECT OF B R O W N  C O A L ,  R E S I N E X ,  REGULAR L I G N I T E ,  A N D  1 3 6 9 - 1 0 A  ON 
T H E  P R O P E R T I E S  O F  A S E P I O L I T E / B E N T O N I T E  M U D  T R E A T E D  W I T H  S O D I U M  P O L Y A C R Y L A T E  
SAMPLE IDENTIFICATION SAMPLE COMPOSITION 
11-2 1 t i  -3 1 1 - 1  
l b / b b l  l b / b b l  l b / b b l  
5 5 5 Ben ton i te  
SeDiol i t e  1 5  15 I 15 
Brown Coal 
1369- 1 OA 
Sodium P o l y a c r y l a t e  2.5 I 2.5 2.5 
2 Sodium Hvdrox ide 2 1 4 
-+ I - M U D  PROPERTIES 
F a n n  V G  M e t e r  R e a d i n g s  
49 I 9 9  42 
23 
18 
6 0 0  r p m  
2 0 0  r p m  
1 0 0  r p m  
6 r p m  
3 r D m  
L 
1 1  
7 
2.5 - 
19 1 1 9  13 28 
2 
~ ~~ 
P l a s t i c  V i s c o s i t v .  CD. 19 3 5  
1 1  29 Y i e l d  P o i n t .  lb /100 sq f t  
IO-Sec Gel. lb /100 sa f t  4 1 5  
IO-Min Gel, lb /100 sq f t  
1 1 . 5  
6.2 - 
gH 
A P I  F i l t r a t e ,  m l  
F i  1 t r a t e  a t  350°F-500 p s i  m 
--I 
Shear S t reng th ,  
l b /100  sq f t  180 
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m ix ing  15 minutes 
HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  fo r  16 hours a t  150°F 
S - Mud p r o p e r t i e s  a f t e r  s t a t i c  heat  ag ing  f o r  24 hours a t  500OF-375 Psi  
E - 1  1 
D A T A  S H C E T  I I (CONTINUED) 
EFFECT O F  BROWN COAL, R E S I N E X ,  REGULAR L I G N I T E ,  A N D  1 3 6 9 - 1 0 A  ON THE 
PROPERTIES O F  A SEPIOLITE/BENTONITE M U D  TREATED W I T H  S O D I U M  POLYACRYLATE 
~ - -  
P l a s t i c  V i s c o s  i t v .  CD. 
SAMPLE COMPOSITION 
1 5  l 5  -- 
S e p i o l i t e  
B e n t o n i t e  
R P C ’ W X  
L i q n i  t e  
. S o d i u m  P o l y a c r y l a t e  
S o d i u m  H y d r o x i d e  
-+ 
M U D  P R O P E R T I E S  I F a n n  V G  Meter  R e a d i n g s  
l b / b b l  
6 0 0  r p m  
3 0 0  r o m  
20c) r p m  
1 0 0  r p m  
6 r p m  
3 rorn 
1 b / b b  1 I 1 b / b b  1 
6 
- 2 . 5  
2 . 0  -- 
Y i e l d  P o i n t .  lb /100 sq f t  
IO-Sec G e l .  lb/100 sa f t  
6 
2 0  
2 . 5  
2 . 0  
I . _ -  
IO-Min Gel, lb /100 sq  f t  
pH 
A P I  F i l t r a t e ,  n i l  
HT ‘HP F i  1 t r a t e .  m l  
. 
~ 
Shear S t rength ,  lb /100 s q  
f t  
S A M P L E  I D E N T I F I C A T I O N  
1 1 - 4  ! ! 1 - 5  I 
5 5 -.- I 




2 5  . 1 6  
12 2 
3 2 
I 4  .~ 4 
8 . 4  1 1 . 2  
8 . 2  5 . 3  
i 9 . 0  
‘ 0  l o  
1 0 . 9  
.LA 
2 6 . 6  
-8 . 4  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  1 5  m i n u t e s  
S - Mud p r o p e r t i e s  a f t e r  s t a t i c  h e a t  a g i n g  f o r  2 4  h o u r s  a t  500°F-375 p s i  
H R  - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  f o r  16  h o u r s  a t  1 5 0  0 F 
E - 1 2  
A P P E N D I X  F 
T H I N N E R S  A N D  S U R F A C T A N T S  
D A T A  S H E E T  
N U M B E R  
1 2  
1 3  
1 4  
1 5  
16 
A P P E N D I X  F - T H I N N E R S  A N D  S U R F A C T A N T S  
T A B L E  O F  C O N T E N T S  
C O N T E N T S  
E F F E C T  O F  R E S I N E X  OR P O L Y  R X  
ON T H E  P R O P E R T I E S  O F  M U D S  
P R E P A R E D  F R O M  B E N T O N I T E  A N D  
L I G N I T E .  
E F F E C T  O F  R E S I N E X  A N D  S O D I U M  
P O L Y A C R Y L A T E  ON T H E  P R O P E R T I E S  
O F  M U D S  P R E P A R E D  F R O M  B E N T O N I T E  
ANI)  C H R O M E  L I G N I T E .  
E F F E C T  O F  D E S C O  A N D  S O L T E X  ON 
THE: P R O P E R T I E S  O F  M U D S  P R E P A R E D  
F R O M  B E N T O N I T E  A N D  L I G N I T E .  
E F F E C T  OF S O D I U M  P O L Y A C R Y L A T E  ON 
T H E  P R O P E R T I E S  O F  M U D S  P R E P A R E D  
F R O M  S E P l O L l T E  A N D  B E N T O N I T E  A N D  
T R E A T E D  W I T H  P O L Y  R X  OR R E S I N E X .  
E F F E C T  O F  A K T A F L O  S OR P 3 3 4 - 1 0 K  
ON T H E  P R O P E R T I E S  O F  M U D S  P R E P A R E D  
F R O M  S E P l O L l T E  A N D  B E N T O N I T E  A N D  
T R E A T E D  W I T H  R E S I N E X .  
I 
D A T A  S H E E T  l 2  
EFFECT OF R E S I N E X  O R  POLY RX ON THE PROPERTIES OF 
MUDS PREIPARED FROM BENTONITE AND LIGNITE 
SAMPLE COMPOSITION S A M P L E  IDENTIF ICATION 
l b / b b l  
-- Ben ton  i t e  








Sodium Chromate 1 
c 
I 1.1 R S I - 
M U D  P R O P E R T I E S  
Fann  V G  M e t e r  R e a d i n g s  
75 70 
3 0 0  r D m  51 51 'T 6 0 0  r p m  2 0 0  rpm 42 38 100 rpni  30 29 40 18 6 rnrn 7 6 .--.-- _- 28 1 22 20 I 14  4 1  2 
7 r om 2 1  3 1  5 I I 
16 Plastic Viscositv. CP. 
Yield P o i n t ,  lb/100 sq f t  
IO-Sec Gel. lb/100 S C I  f t  
17 1 5  16 
4 4 26 
8 6 40 
~~ ~ -~~ 
IO-Min Gel, lb/100 s q  f t  I 10 6 1  2 7 1  8 
32.0 
0.4 1 9 . 8  I 8.6 9.9 
4.3 6 . 0  
3 . 6  40.0 
pH 
A P I  F i l t r a t e .  m l  
- 
r i l t r a t e  a t  350°F-500 p s i  m 
- 1 700 Shear St rength,  lb/100 s q  f t  - - 95 - 
1 
I - in i t ia l  mud p r o p e r t i e s  a f t e r  m ix ing  15 minutues 
s - Mud p r o p e r t i e s . a f t e r  s t a t i c  ag ing f o r  16 hours  a t  5OOOF-375 p s i  
0 
HR - Mud p r o p e r t i e s  a f t e r  ho t  r o l l i n g  for  16 hours a t  150 F 
F -  1 
t -  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  
HR - Mud p r o p e r t i e s  a f t e r  hot r o l l i n g  for  
s - Mud p r o p e r t i e s  a f t e r  s t a t i c  ag ing  f o  
I b / b b l  I b / b b l  
EFFECT OF R E S I N E X  OR POLY RX ON THE P R O P E R T I E S  OF 
MUDS PREPARED FROM B E N T O N I T E  AND L I G H I T E  
S A M P L E  I D E N T  I F I C A T  I O N  S A M P L E  C O M P O S I T I O N  
12-4 1 2 - 5  1 
I b / b b l  
~ 
Benton i t e  
L i gn i t e  
Res inex 
Sodium Carbonate 













M U D  P R O P E R T I E S  
I HR S I HR - 
34 40 67 
I 




6 0 0  r t i m  .75 
48 19 1 2 7  ! 4 3  L-L- 3 0 0  r R m  
2 0 0  rprn - 
1 0 0  rprn 
6 r o m  
3 rem 
- Plastic V i s c o s i t y .  CI,. 
Y i e l d  P o i n t ,  l b /100  s q  f t  
2 . 5  1 3 IO-Sec Gel, lb/100 s q  f t  
IO-Min Gel, lb/100 sq f t  
J’ H 
.- A P I  F i l t r a t e ,  m l  
i l t r a t e  a t  35OOF-500 D s i .  ml 
10.6 
4 . 2  
-- 10.0 
3 .9  
--- 9 . 0  
7.0 
-~- 
Shear St rength,  
l b / 1 0 0  s q  f t  
“Volume c o l l e c t e d  i n  20 minutes.  I n s u f f i c i e n t  mud volume was a v a i l a b l e  t o  run  
f o r  30 minutes.  
5 minutes 
16 hours a t  
16 hours a 
1 50°F 
t 500°F -375 p s  i 
F-2 
D A T A  S H E E T  l 3  
EFFECT OF R E S I N E X  AND S O D I U M  POLYACRYLATE ON THE PROPERTIES 
OF MUDS PREPARED FROM BENTONITE AND CHROME LIGNITE 
F a n n  V G  M e t e r  R e a d i n g s  
6 0 0  r D m  
3 0 0  rprn 
-__-- 2 0 OrpE 
1 0 0  r p m  
6 r p 111 
3 rpn i  
- P l a s t i c  V i s c o s i t y .  cp.  
Y i e l d  P o i n t ,  l b / 1 0 0  sq f t  
IO-Sec G e l ,  lb /100 s q  f t  
I O - M i n  Ge l ,  lb /100 s q  f t  
I S A M P L E  C O M P O S  I T  I O N  SAMPLE I D E N T I F I C A T I O N  -- 
1 3 - 1  13-2 13 -3  
I b / b b l  I b / b b l  1 b / b b l  
- -- 
20 2 0  20 
20 
.- -- Benton i t e  
Chrome L i g n i t e  
Res i nex 









Sodium Hydrox ide 3 































9 .2  






























4 .2  
24.0 
M U D  P R O P E R T I E S  
J- 4 . 5  
--$i7t---- 
2 1  3 1  
I I 
pH 1 A P I  F i l t r a t e ,  n i l  
F i  1 t r a t e  a t  350°F-500 p s i ,  m l  
Shear S t r e n g t h ,  
i b / 1 0 0  s q  f t  750 
-- L 
$:Off s c a l e  on a Fann V G  Meter equipped w i t h  a one m u l t i p l i e r  s p r i n g .  
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minutt ies 
FR-Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  f o r  I6 hours a t  15OoF 
S - Mud p r o p e r t i e s .  a f t e r  s t a t i c  a g i n g  f o r  16 hour5 a t  500°F-375 p s i  
F- 3 
D A T A  S H E E T  14 
E F F E C T  O F  DESCO AND SOLTEX ON THE P R O P E R T I E S  
O F  MUDS PREPARED FROM B E N T O N I T E  AND L I G N I T E  
7 0 0  l + p m  37 
2 7  2 0 0  r p m  
100 r p n i  18 
- 
6 r p m  3 
3 rpm 2 
20 
Y i e l d  P o i n t ,  l b / 1 0 @  sq f t  17 
h 
IO-Sec G e l ,  l b /100  s q  F t  3 
IO-Min Gel, l b / 1 0 0  5 q  f t  
p H  
A P I  Filtrate, rnl - 
F i l t r a t e  a t  350 F-500 ps i ,m l  -- 
Shear S t r e n g t h ,  





L --1- - _. 












S A M P L E  C O M P O S I T I O N  
MUD P R O P E R T I E S  
F a n n  V G  H e t e r  R e a d i n g s  
I - i n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  
s - Mud p r o p e r t i e s  a f t e r  s t a t i c  ag ing  f o r  16 hours a t  50OoF- 375 p s i  
H R  - Mud p r o p e r t i e s  a f t e r  hot r o l l i n g  f o r  16 hours  a t  15OoF 
8 
e 
D A T A  S H E E T  15 
E F F E C T  OF SODIUM POLYACRYLATE ON THE P R O P E R T I E S  OF MUDS PREPARED FROM 
S E P l O L l T E  AND B E N T O N I T E  AND TREATED W I T H  POLY RX OR R E S I N E X  
r 1 
I S A M P L E  C O M P O S  I T  I O N  S A M P L E  I D E N T  I F I C A T  I O N  
I HR 
M U D  P R O P E R T I E S  
F a n n  V G  M e t e r  R e a d i n g s  
Y i e l d  P o i n t ,  l b /100  sq f t  29 1 4  
IO-Sec,Gel, l b / 1 0 0  s q  f t  37 22 
IO-Min Gel, l b / 1 0 0  s q  f t  42  53 
p H  12.0 11 .8  
A P I  F i l t r a t e ,  n i l  8 .8  11.9 
- 80.0 F i l t r a t e  a t  350 F-500 ps i , rn l  
Shear S t r e n g t h ,  - - 
lb /100  s q  f t  
--k 















1 2  
2 3  
31 
4 1  
11.9 






1 4  
9 







9 . 7  
- 
- 
I - I n i t i a l  m u d  p r o p e r t i e s  a f t e r  m i x i n g  15 rninutues 
0 
H R  - M u d  p r o p e r t i e s  a f t e r  hot rolling for 16 hours a t  150 F 
F-  4 
D A T A  S H E E T  (Cant 
EFFECT OF SODIUM POLYACRYLATE ON THE PROPERTIES OF 
SEPIOLITE AND BENTONITE AND TREATED WITH POLY 
nued) 
MUDS PREPARED FROM 
R X ,  OR R E S  I NEX 
SAMPLE C O M P O S  I T  I O N  SAMPLE I D E N T I F I C A T I O N  I 
. 1 5 - 4  
1 b / b b l  
Ben t o n  i t e  5 
Sep io l  i t e  15 
Res i nex 2 
Sodium P o l y a c r y l a t e  2 
Sodium Hydrox ide  2 
I HR 
M U D  PROPERTIES 
F a n n  V G  M e t e r  R e a d i n g s  
6 0 0  r p m  
3 0 0  r D m  
- 2 0 0  r p m  
6 r p m  
I 
3 rpm 
- P l a s t i c  V i s c o s i t y .  CP. 
Y i e l d  P o i n t ,  lb /100 s q  f t  
IO-Sec Gel, lb /100 sq  f t  
IO-Min Gel, lb /100 sq f t  
A P I  F i l t r a t e .  m l  I I  
Shear S t reng th ,  
























1 5 - 5  15-6 






I - I n i t i a l  mudproper t i es  a f t e r  m i x i n g  15 minutues 
S - M u d p r o p e r t i e s . a f t e r  s t a t i c  ag ing  f o r  24 hours  a t  500°F-375 p s i  
0 
HR - Mudproper t i es  a f t e r  h o t  r o l l i n g  f o r  16 hours a t  150 F 
F - 6  




DATA SHEET 1 5  (Cont inued)  
EFFECT OF S O D I U M  POLYACRYLATE ON THE P R O P E R T I E S  OF MUDS PREPARED FROM 
SEPlOLlTE AND BENTONITE AND TREATED WITH POLY R X  O R  R E S I N E X  
~~ ~~ 
SAMPLE COMPOSITION 
Ben t o n  i t e  
SeDi o l  i t e  
L i  gn i  t e  
Res i nex 
Sodium P o l y a c r y l a t e  
Sodium Hydrox ide  
M U D  P R O P E R T I E S  
F a n n  V G  M e t e r  R e a d i n g s  
600 rpm 
300 r D m  
200 r D m  
100 r p m  
6 rpm 
3 rpm 
P l a s t i c  V i s c o s i t y ,  cp. 
Y i e l d  P o i n t ,  lb /100 sq f t  
10-Sec Gel ,  lb /100 sq f t  
IO-Min Gel ,  lb /100 sq  f t  
DH 
~- 
A P I  F i l t r a t e ,  m l  
F i l t r a t e  a t  350°F-500 ps i ,ml  
Shear S t reng th ,  
lb /100 s q  f t  
I - I n i t i a l  mud 
HR - Mud p r o p e r t  
S - Mud p r o p e r t  
SAMPLE I D E N T I F I C A T I O N  
I_ 
1 5 - 7  I 1 5 - 8  - .  I 
1 b / b b l  I l b / b b l  
2.5 I 2.5 
2 2 
4.0 5 . 5  12.0 8.7 
26.6 46.6 
70 
13  25 
8 12 
4 3 
1 1  1 4  
12.0 8 .4  
8.4 8.2 
i8 .0  56.0 
70 
p r o p e r t i e s  a f t e r  m i x i n g  15 minu tes  
es a f t e r  h o t  r o l l i n g  f o r  16 hours  a t  15OoF 
es a f t e r  s t a t i c  ag ing  f o r  24  hours  a t  500°F-375 p s i  
8 
. 
DATA SHEET 16 
EFFECT OF AKTAFLO S OR P334-10K ON THE PROPERTIES OF MUDS 
PREPARED FROM SEPlOLlTE AND BENTONITE AND TREATED WITH R E S I N E X  
SAMPLE C O M P O S I T I O N  SAMPLE I D E N T I F I C A T I O N  
16-1 16-2 16-3 
l b / b b l  1 b / b b l  1 b / b b l  
Sep io l  i t e  15 15 15 
Benton i t e  5 5 5 
Res i nex 6 6 6 
A k t a f l o  S 4 - 
P334-  1 OK 4 - 
Sodium Hydrox ide  0.25 0.25 0.25 
- 
- 
5 I HR I HR S I HR S M U D  PROPERTI E5 
Fann V G  Meter  Readings 
IO-Sec Gel, 1 b/100 sq f t  9 -  a 14 12 0 0  
IO-Min Gel, lb /100 s q  f t  16 15 20 26 2 1 
1 
pH 10.6 9.2 10.6 9.2 10.5 9.3 
A P I  F i l t r a t e ,  m l  13.0 12.0 19.2 17.0 13.2 12.0 
-'- ,. - Severe a i r  entrapment 
I - I n i t i a l  mud p r o p e r t i e s  a f t e r  m i x i n g  15 minutes 
HR - Mud p r o p e r t i e s  a f t e r  h o t  r o l l i n g  f o r  16 hours a t  150°F 
F - 7  
A P P E N D I X  G 
N O V E L  M U D  S Y S T E M  M A D E  F R O M  B R O W N  C O A L  
A P P E N D I X  G 
. 
8 
D A T A  S H E E T  
N U M B E R  
1 7  
1 8  
19  
2 0  
2 1  
N O V E L  M U D  S Y S T E M  M A D E  F R O M  BROWN C O A L  
T A B L E  O F  C O N T E N T S  
C O N T E N T S  P A G E  - 
P R O P E R T I E S  OF MUD M A D E  F R O M  BROWN 1 
C O A L  A F T E R  R O L L I N G  A T  3 5 O O F - 3 0 0  PSI 
P R O P E R T I E S  OF M U D  M A D E  F R O M  BROWN 2 
C O A L  A F T E R  S T A T I C  A G I N G  A T  4 5 O o F -  
3 0 0  P S I  A N D  5 O O O F - 3 7 5  P S I  
F A N N  C O N S l S T O M E T E R  V I S C O S I T Y  O F  3 
M U D  M A D E  F R O M  BROWN C O A L  A T  
5 0 0 ° F -  1 0 , 0 0 0  P S  I 
C O R R O S I O N  C H A R A C T E R I S T I C S  O F  M U D  4 
M A D E  F R O M  BROWN C O A L  U N D E R  D Y N A M I C  
C O N D  I T I O N S  ( 3 5 0 O F - 3 0 0  P S  I ) A N D  
S T A T I C  C O N D I T I O N S  ( 5 0 0 O F - 3 7 5  P S I )  
P O T E N T I O D Y N A M I C  M E A S U R E M E N T S  OF 
I N S T A N T A N E O U S  C O R R O S I O N  R A T E  OF 





1 1 5  min 
150 m i n  
165 m i  n 
180 min 
DATA SHEET - 17 
P R O P E R T I E S  OF MUD MADE FROM BROWN 
COAL A F T E R  ROLLING AT 350°F-300 PSI 
- 
68.4 66.0 67.0 56.0 
72.4 68.4 70.0 59.0 
76.2 71.6 72.4 62.0 
, 80.2 73.6 74.8 66 .0  
A 
G -  1 
DATA SHEET 18 
P R O P E R T I E S  OF MUD MADE FROM BROWN COAL AFTER S T A T I C  
A G I N G  A T  4 5 O 0 F - 3 O 0  P S I  AND 5 O O O F - 3 7 5  P S I  
I80 m i n  
. 
G - 2  
DATA SHEET 19 - 
FANN CONSISTOMETER VISCOSITY OF MUD MADE 
i 
c 
FROM BROWN COAL AT 50O0F-10,0O0 PSI 







I 300 5 I 
350 4 
I I 
I 400 2 I 
I 500 I 0.5 I 
500 0 . 5  
450 2 
400 3 




150 1 1  
G - 3  
DATA SHEET - 20 
C O R R O S I O N  CHARACTERISTICS OF MUD MADE FROM BROWN 
COAL UNDER DYNAMIC CONDITIONS (350OF-300 P S I )  
AND STATIC CONDITIONS (500OF-375 P S I )  
TYPE TEST 
A G I N G  CONDITIONS 
Coupon Number 
I n i t i a l  Weiqht, q 
F i n a l  Weight, g 
~ 
Weiqht Loss, q 
Cor ros ion  Rate, 
M i l l s  Per Year 
D e s c r i p t i o n  o f  
M i l d  S tee l  Coupon 
D e s c r i p t i o n  o f  
P res t ressed  
R o l l e r  B o r i n g  
DYNAMIC TESTS I TEST 
ROLLED AT 3 
.0020 
Some d i s -  
L i g h t  Gray c o l o r a t  io i  
No FeS No FeS 
Dark d i s -  
No FeS No FeS 







Some d i s -  
co 1 o r a  t i o n  
No FeS 
Some d i s -  





64 hours 375 P S I  
29038 29037 
21.1735 21 -0921 
21.1440 21.0652 
.0295 .0269 
4 . 8  11.8 
No FeS No FeS 
Some d i s -  
c o l o r a t  i o n  Dark C o l o r  
No FeS No FeS 
Not 
Cracked Cracked 
- 4  
DATA SHEET 21 
P O T E N T I O D Y N A M I C  MEASUREMENTS OF 
INSTANTANEOUS CORROSION RATE OF MUD 
- 
. 
MADE FROM BROWN COAL 
I N I T I A L  MUD 
MUD A F T E R  24 HOUR EXPOSURE 




G - 5  
A P P E N D I X  H 
M A T E R 1  A L S  
APPENDIX H 
MATERIALS 
A. The following materials were tested as alternates for 
d r i l l i n g  m u d  bentonite in h i g h  temperature muds: 
1.  Sepiolite - A clay mineral with needle-like structure 
mined in the Amargosa Valley southwest of Lathrop 
Wells, Nevada. Obtained from International Mineral 
Ventures. Identified as Thermogel ( 1 - 4 0 2 1 - 3 6 ) .  
Submitted by B i l l  Miles. 
2. IBH - A synthetic clay identified as internally 
beneficiated hectorite. Manufactured by Baroid 
Petroleum Services at 20OoF. Submitted by 
Paul Rupert. 
3 .  TP 4 2 5  - A synthetic clay identified as synthetic 
montmorillinite. Manufactured by Baroid Petroleum 
Services at 50OoF. Submitted by Paul Rupert. 
4 .  Bentonite (Air Heated) - D r i l l i n g  m u d  bentonite 
heated to 5OO0F in a i r  for 2 hours. 
5 .  Bentonite (N2 Heated) - D r i l l i n g  m u d  bentonite heated 
t o  500°F in the presence of Nitrogen for 2 hours. 
6. Bentonite Slurry 1 - A slurry, composed of 6.7% by 
weight bentonite in water, heated to 500°F for 
1 hour. 
7. Bentonite Slurry 2 - A slurry, composed o f  6.7% by 
weight bentonite a n d  0 . 5 3 %  by weight sodium hydroxide 
in water, heated to 5OO0F for 1 hour. 
H -  1 
c 
i 
8 .  B e n t o n i t e  S l u r r y  3 - A s l u r r y ,  composed o f  6 . 7 %  
b y  w e i g h t  b e n t o n i t e  i n  w a t e r ,  h e a t e d  t o  5OO0F f o r  
1 6  h o u r s .  
9 .  A s b e s t o s  - C h r y s o t i l e  a s b e s t o s  f i b e r ,  m a n u f a c t u r e d  
b y  D r i l l i n g  S p e c i a l t i e s  Co. a n d  s o l d  u n d e r  t h e  
t r a d e  name o f  F l o s a l .  
1 0 .  A t t a p u l g i t e  - A c l a y  m i n e r a l  w i t h  n e e d l e - l i k e  
s t r u c t u r e  m i n e d  i n  s o u t h e r n  G e o r g i a  a n d  n o r t h e r n  
F l o r i d a .  S o l d  a s  a v i s c o s i f i e r  f o r  u s e  i n  s a l t y  
w a t e r .  
8 .  The f o l l o w i n g  m a t e r i a l s  w e r e  t e s t e d  a s  f i l t r a t i o n  c o n t r o l  
a d d i t i v e s .  
1 .  L i g n i t e  - D r i l l i n g  mud l i g n i t e  i s  a c t u a l l y  l e o n a r -  
d i t e ,  a n  o x i d i z e d  f o r m  o f  l i g n i t e .  
2 .  L i g n i t e  ( A i r  H e a t e d )  - D r i l l i n g  mud l i g n i t e  h e a t e d  
t o  500°F i n  a i r  f o r  1 h o u r .  
3 .  L i g n i t e  ( N 2  H e a t e d )  - D r i l l i n g  mud l i g n i t e  h e a t e d  i n  
t h e  p r e s e n c e  o f  N i t r o g e n  f o r  1 h o u r .  
4 .  Chrome L i g n i t e  - A d r i l l i n g  mud l i g n i t e  d e r i a v a t i v e  
p r o d u c e d  b y  M a g c o b a r  a n d  s o l d  u n d e r  t h e  t r a d e  name 
X P - 2 0 .  
5 .  S o d i u m  P o l y a c r y l a t e  - H i g h  t e m p e r a t u r e  f i l t r a t i o n  
c o n t r o l  a d d i t i v e .  
6 .  Cyanamer 244A - H i g h  t e m p e r a t u r e  mud c o n d i t i o n e r ,  
s o l d  b y  A m e r i c a n  C y a n a m i d  C o .  
7 .  M i l t e m p  - H i g h  t e m p e r a t u r e  mud c o n d i t i o n e r ,  s o l d  b y  
M i l c h e m ,  I n c .  
H - 2  
8 .  S o l t e x  - A s u l f o n a t e d  r e s i d u u m  m a n u f a c t u r e d  
b y  D r i l l i n g  S p e c i a l i t i e s  Co. 
9 .  B r o w n  C o a l  - A m a t e r i a l  p r o d u c e d  b y  A m e r i c a n  
C o l l o i d  Co. a n d  i d e n t i f i e d  as N o r t h  D a k o t a  
p r e m i u m  l i g n i t e .  S p e c i a l l y  g r o u n d  i n  a l a b o r a -  
t o r y  m i l l  t o  - 5 0  mesh s i z e .  
1 0  G r o u n d  L i m e s t o n e  - F i n e l y  g r o u n d  l i m e s t o n e  
p r o d u c e d  b y  G e o r g i a  M a r b l e  Co. a n d  s o l d  u n d e r  
t h e  t r a d e  name Gama-Sperse  80 .  P a r t i c l e  s i z e  
r a n g e s  f r o m  0 . 2  m i c r o n s  t o  10 m i c r o n s .  
1 1 .  P r e c i p i t a t e d  C a l c i u m  C a r b o n a t e  - M a t e r i a l  i s  
m a n u f a c t u r e d  b y  P f i z e r  a n d  s o l d  u n d e r  t h e  
t r a d e  name o f  A l b a g l o s .  P a r t i c l e  s i z e  r a n g e s  
f r o m  0 . 2  m i c r o n s  t o  4 m i c r o n s .  
1 2 .  1 3 6 9  - 10A - P r o p r i e t a r y  m a t e r i a l  s u b m i t t e d  b y  
U n i o n  Camp C o r p o r a t i o n .  
C .  The  f o l l o w i n g  m a t e r i a l s  w e r e  t e s t e d  a s  t h i n n e r s  o r  
a s  s u r f a c t a n t s :  
1 .  R e s i n e x  - L i g n i t e  d e r i v a t i v e  p r o d u c e d  by  M a g c o b a r  
2 .  P o l y  R X  - L i g n i t e  d e r i v a t i v e  p r o d u c e d  b y  M i l c h e m ,  
3 .  Desco  - O r g a n i c  mud t h i n n e r  p r o d u c e d  b y  D r i l l i n g  
S p e c i a l t i e s  Co. 
4 .  A k t a f l o  S - N o n i o n i c  mud s u r f a c t a n t  p r o d u c e d  b y  
B a r o i d  P e t r o l e u m  S e r v i c e s .  
5 .  P 3 3 4  - 1 0 K  - A s u r f a c t a n t  m a t e r i a l  s u b m i t t e d  b y  
J o h n  Ho lmes  o f  M i l l i k e n  C h e m i c a l s .  
H - 3  
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